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To the Honorable the Senate and House of Representatives of the Commonwealth of 

Massachusetts in General Court assembled. 

The Metropolitan Water and Sewerage Board, established under 
the provisions of chapter 168 of the Acts of the year 1901, has 
already presented to your Honorable Body an abstract of the account 
of its doings, receipts, expenditures, disbursements, assets and lia- 
bilities for the calendar year ending December 31, 1904, and now 
presents a detailed statement of the opeititions for the year, being its 

FOURTH ANNUAL REPORT 

made since the consolidation of the Metropolitan Water Board and 
the Board of Metropolitan Sewerage Commissioners on March 20, 
1901. 

I. ORGANIZATION AND ADMINISTRATION. 

(1) Board, Officers and Employes. 

The membership of the Board has continued the same as in the 
preceding year: Henry H. Sprague, chairman, Henry P. Walcott, 
M.D., and James A. Bailey, Jr. William N. Davenport has con- 
tinued as secretary and executive oflScer of the Board, and Alfred 
F. Bridgman as auditor and purchasing agent. 

The administrative oflSce force, during the early part of the past 
year, consisted, in addition, of the same number of employes as in 
the preceding year ; but during the year considerable reduction has 
been made, and the force now comprises a book-keeper, an assistant 
book-keeper, an assistant in auditing, a paymaster, one general 
clerk, four stenographers, a telephone operator, one messenger, and 
a janitor with two assistants, one of whom acts as watchman. It 
has been determined in the coming year to place the auditing de- 
partment under the general supervision of the secretary, the present 
auditor acting as purchasing agent. 
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Alfred C. Vinton continued as conveyancer during the first half 
of the year, a position which he had filled eflBciently since the organ- 
ization of the Water Board. Owing to the diminution in the amount 
of conveyancing, he severed his connection with the Board on July 
1, 1904, and since that date George I). Bigelow, who had acted as 
assistant conveyancer, has been in charge, assisted by Miss Alline 
E. Marcy, title examiner, and by one stenographer. 

Frederic P. Stearns has continued as Chief Engineer of the Board, 
with special charge of the Water Works. Joseph P. Davis and 
Hiram F. Mills are retained to act as consulting engineers when 
their services are required. 

The various departments of the Water Works have been, subject 
to the Chief Engineer, in charge of the following : Dexter Brackett, 
Engineer of the Distribution Department, and, since March 10, also 
in charge of the Sudbury Department; Thomas F. Richardson, En- 
gineer of the Dam and Aqueduct Department ; Charles E. Wells, 
Engineer of the Reservoir Department ; Frank T. Daniels, Principal 
Office Assistant. Horace Ropes was Engineer of the Weston Aque- 
duct Department until May 25, when this department was abolished 
and the duties were transferred to the Distribution Department. 

The engineering force employed on the Water Works, both in 
construction and maintenance, has, upon the average during the 
year, comprised, in addition, 10 division engineers, 16 assistant 
engineers, and others in various engineering capacities and as 
sanitary inspectors, clerks, stenographers and messengers, to the 
number of 101, — in all, 127. The maximum engineering force 
employed at any one time during the year on construction and 
maintenance was 148. 

There have also been emploj^ed inspectors, other than engineering 
inspectors, to the maximum number of 11. Day-labor forces under 
the general supervision of the engineers and the immediate direction 
of foremen, varying in numbers from time to time, have been em- 
ployed in pipe laying, in general improvements and repairs, and in 
minor operations. 

In addition, a maintenance force, numbering, upon the average 
during the year, 202, has been required at the pumping stations and 
upon the reservoirs, aqueducts, pipe lines and other works. This 
force at the end of the year numbered 216, and was distributed 
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among the various departments as follows : Sudbury and Distribu- 
tion Departments, 203 ; Dam and Aqueduct Department, 12 ; Res- 
ervoir Department, 1. 

The maximum number of men employed upon contracts by the 
various contractors upon the Water Works during the year was for 
the week ending June 11, when the number amounted to 1,627. 

William M. Brown, Engineer of the Sewerage Works, has been 
in charge of both construction and maintenance upon these works. 

He was assisted during the larger part of the year by 2 division 
engineers who were in charge of the various sections of sewer con- 
struction, 1 division engineer in charge of drafting room and records, 
6 assistant engineers, 6 inspectors, and 22 others, who were em- 
ployed in various engineering capacities, and as clerk, stenographer 
and messenger in the department. The maximum engineering force 
employed at any one time during the year on construction and 
maintenance of the Sewerage Works was 37. 

Day-labor forces, under the general supervision of the engineers 
and the immediate direction of foremen, have been employed on the 
High-level Sewer in grading the roads and grounds about the Ward 
Street pumping station, in connecting the Charles River valley 
sewer with the High-level Sewer, and in grading and filling on Nut 
Island, in Quincy. On the North Metropolitan System, day-labor 
forces have been employed in the construction of parts of sections 
61 and 62 of the Revere extension in Chelsea and in minor work. 

The maximum number of men employed upon contracts by the 
various contractors and upon day-labor construction upon the Sew- 
erage Works during the year was for the week ending July 24, 
when the number amounted to 302. 

Upon the completion of construction on both the North and South 
Metropolitan systems, the engineering force was reduced to 9, all 
of whom are now employed in maintenance of the works. 

The regular maintenance force required for the operation of the 
pumping stations, the care and inspection of the sewers, and for 
other parts of the Sewerage Works, exclusive of engineers and day- 
labor construction forces before enumerated, has upon the average 
numbered 90. The opening of the High-level Sewer and putting 
into operation of the Ward Street pumping station and Nut Island 
screen-house late in the year necessitated an increase in the force. 
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which at the end of the year numbered 125, of whom the engineer 
in charge and 9 assistants and draftsmen were engaged in general 
upon the works, and of the remainder, 72 were employed upon the 
North System and 43 upon the South System. 

(2) Offices axt) Buildings. 

The oflSce of the Metropolitan Water and Sewerage Board is in 
the buildings numbered 1 and 3 Ashburton Place, at the corner of 
Somerset Street, in which are also located the oflSces of the secretary 
and auditor and the conveyancer, and the main engineering offices 
of both the Water Works and the Sewerage Works. 

The headquarters of the Wachusett Reservoir and Wachusett 
Dam and Aqueduct departments of the Water Works have been 
maintained in the office building in Clinton. Branch offices of the 
Reservoir Department have been maintained, two in West Boylston 
and one in Oakdale. A branch office of the Dam and Aqueduct 
Department has bqen maintained at the Wachusett Dam. The main 
office of the Weston Aqueduct Department in Saxonville was dis- 
continued on June 30, and the branch office located in Wayland was 
discontinued on February 29, and that in Weston on Julj^ 16. 
Headquarters of the Distribution Department have been maintained 
in the central office in Boston. For the Sudbury Department an 
office has been maintained at South Framingham. Branch head- 
quarters of the maintenance force of the Water Works in the north- 
ern part of the District have been in buildings in the Glen wood pipe 
yard in Medford, where there are offices, shops, store rooms and 
stables ; and the maintenance force for the southern part of the Dis- 
trict has headquarters in buildings at the Chestnut Hill Reservoir. 

Maintenance in connection with the Water Works has embraced 
the care and operation of the Chestnut Hill high-service and low- 
service pumping stations ; the Spot Pond, Arlington and West 
Roxbury pumping stations ; the Clinton sewerage pumping station 
at Clinton ; the Pegan Brook pumping station at Natick ; the Mystic 
pumping station at Medford, not now in active operation ; the Wa- 
chusett Reservoir ; Lake Cochituate ; the Sudbury Reservoir and the 
various smaller reservoirs in the Sudbury watershed ; Spot Pond, 
Chestnut Hill Reservoir and the smaller distributing reservoirs in 
different portions of the District ; the Cochituate, Sudburv, Wa- 
chusett and Weston aqueducts ; as well as the various gate-houses, 
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siphon and terminal chambers and other structures connected with 
the several reservoirs and aqueducts, dwellings for attendants, and 
various other buildings for operating purposes. 

There were maintained, in connection with the construction of 
the Sewerage Works, branch engineering oflSces at Hough's Neck 
and Roxbury ; an office for a portion of the year at Chelsea ; and, 
in addition, seven portable booths were in use along the line of the 
work. For the maintenance of the Sewerage Works there are oper- 
ated the Deer Island, East Boston, Charlestown, Alewife Brook, 
Ward Street and Quincy pumping stations, the Nut Island screen- 
house, the North Metropolitan Sewer and its extensions, and the 
Charles River valley, Neponset valley and High-level sewers. 
Branch headquarters of the maintenance and repair forces of the 
Sewerage Works are maintained at the East Boston and Ward Street 
pumping stations and at the stockyard at Hough's Neck. 

(3) Conveyancing. 

During the earlier portion of the year many claims for damages 
to real estate were settled, so that a large amount of conveyancing 
work was required in the way of examining the records, bringing 
up to date the titles at the registry of deeds, and the preparation 
and drafting of deeds and other necessary instruments. 

The total number of cases settled during the year was 73, of which 
68 were on account of Water Works, and affected 734.345 acres of 
land, and 5 on account of Sewerage Works, affecting 1.121 acres. 

In addition, examinations of titles and the preparation of papers 
were required on account of various questions affecting lands which 
had been acquired from the city of Boston, and of various other 
claims which arose with reference to lands of the Commonwealth. 
The number of titles, therefore, which have been actually examined, 
and the questions relating thereto which required the preparation of 
various instruments, were much greater than the number above in- 
dicated. 

In addition, also, there have been drafted 3 instruments of takings, 
embracing 127.50 acres, 2 on account of the Water Works and 1 on 
account of the Sewerage Works ; and 13 deeds of lands and releases 
of rights in lands have been called for, and many papers in the na- 
ture of leases, licenses and forms of contract have been drafted. 

Besides the work that has been done especially for the Board, 
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many reports on titles have been called for by the Attorney-General 
for use in tlic prepamtion of suits and for the information of the 
Attomey-Generars Department. 

The hearings which have been had in the suits of the cities of Mai- 
den, Medford and Melrose against the Commonwealth, on accoant 
of the taking of Spot Pond and the various lands adjoining and con- 
tiguous thereto, have involved protracted examinations of records 
and reports and opinions upon titles. Investigation of the titles and 
history of the lands covered by Spot Pond, and the adjacent lands 
used in connection therewith, has extended from the beginning of 
legislative grants and registry records down to the present date ; and 
this examination has required not only investigations at the registry 
of deeds, but also in the Massachusetts Archives, the histories of the 
various cities and the genealogies of the early settlers. 

A detailed statement of the various takings and settlements is 
given hereafter. 

II. WATER WORKS — CONSTRUCTION. 

The amount expended for constiniction, including real estate ac- 
quired and payment of claims, on account of the Water Works 
during the year 1904, was $2,174,498.19. Of this amount, $1,- 
506,803.38 was expended on account of the Wachusett Dam and 
Reservoir; $216,740.74 on account of the Weston Aqueduct and 
Reservoir ; $40,554.03 for the improvement of the Wachusett water- 
shed; $39,481.28 for diversion of water; $327,527.62 on account 
of the taking of Spot Pond ; and the remainder, $43,391.14, upon 
various other operations on the w orks. The total amount expended 
for construction since the beginning of the works in the year 1895 
has been $38,388,255.76. 

(1) Wachusett Dam and Reservoir. 

(a) Wachusett Dam. 

The work upon the Wachusett Dam during the past year has 
included not only the carrying up in height of the main structure, 
but also the continuation of the excavations and building into the 
banks at each end of the dam, so that the ends as well as the 
foundations shall be embedded in the rock. At the end of the pre- 
ceding year the masonry had reached an average elevation of 345 
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feet, and during the year 1904 an avemge elevation has been reached 
of 396 feet, above the Boston City Base, — an elevation which is 130 
feet above the original river bed, and 188 feet above the lowest 
point of the foundation. This average elevation is 1 foot above the 
full-reservoir level, and there consequently remain, upon an aver- 
age, but 19 feet more in height to be added. 

The length of the dam has been extended from 739 feet to 1,024 
feet, exclusive of the waste-weir, which is 452 feet in length. 
During the year 59,900 cubic yards of earth and 36,810 cubic yards 
of rock have been excavated. The stone masonry has amounted to 
82,333 cubic yards. There have been used in the work during the 
year 16,561 barrels of Portland cement and 61,739 barrels of nat- 
ural cement. 

The abutment, so called, at the easterly end of the dam near 
Boylston Street, has been in like manner carried up, and the bastion 
at the westerly end, which divides the dam from the waste-weir, 
has been built nearly to the proper height. The most of the 
masonry work upon the waste-weir has been completed, and all but 
a small portion of the waste channel, which extends along the ledge 
from the weir to the river below the dam, a distance of about 1,240 
feet, has been excavated and made ready for use. A granite arch 
bridge about 131 feet long, and having a span of 35 feet 6 inches, 
has been constructed across the lower end of the channel, which 
will afford access to the dam on the westerly side of the river. 

The substructure, containing the gates and valves for the lower 
gate-chamber, was built in the preceding year, but during the past 
year the superstructure has been erected. This is a building 104 
feet 6 inches long, 74 feet wide, and having a height of about 59 
feet above the ground. The greater part of the interior is made up 
of one large room, in which will be installed the necessary machin- 
ery for the production of power. There are in addition several 
smaller rooms, which will be used for the various purposes needed 
in connection with the operation of the works. The exterior walls 
are from the same stone quarry from which the ashlar stone for the 
dam has been obtained. 

The upper gate-chamber is built within the main structure of the 
dam itself, the water being introduced at ports or openings in the 
walls, and conveyed through sluice-gates by 48-inch pipes through 
the structure of the dam. 
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Much work has been accomplished in the ceding of the banks 
along the river below the dani, and in depositing soil both upon the 
banks and the grounds at the foot of the dam and around the pool. 
The foundations have also been laid for the various drives and paths 
leading to the dam. 

The work upon the dam lias so far advanced that there seems but 
little doubt that it may l)e completed during the coming year. 

(6) Wachusett Reaei^voir, 

The building of the Wachusett Reservoir has progressed favorably 
during the past year. A total of 1,115,341 cubic yards of soil was 
removed from the bed of the reservoir, and ()21 acres of land were 
stripped. It was estimated that in all, the soil was to be removed 
from 4,200 acres to the extent of about 6,900,000 cubic yards, and 
there have been excavated since the beginning of the work to the 
present date 6,760,405 cubic yards of soil from 3,857 acres. Of 
the total amount of soil, about 98 per cent, has been removed, and 
there remain to be stripped about 343 acres. 

A large amount of the soil which has been removed, as in previous 
years, has been carried and deposited in the embankment of the 
North Dike ; but a larger portion has been deposited at different 
places on the margin ot the reservoir, for the purpose of avoiding 
shallow flowage, and also considerable amounts of soil have been 
used for the building of the South Dike and for highway embank- 
ments. The larger amount of the stripping done has been performed 
near the upper end of the reservoir in West Boylston, but the soil 
has also been removed from considerable tracts in Boylston as well 
as in Clinton and Sterling. 

As arrangements have been made by which it may be possible 
to flow the reservoir during the early part of the present year to 
elevation 375, the grass and weeds which have grown in the area 
already cleared have been removed and burned, and a final cleaning 
has been made of the reservoir bottom to the elevation named. The 
number of acres thus cleared and made ready for flowing is estimated 
to be about 3,681. 

Additional soil for the completion of the North Dike has been 
deposited during the year, and the placing of riprap on the slopes 
toward the reservoir has been completed. The dike has an entire 
length ot 11,100 feet. More than 5,700,000 cubic yards of mate- 
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rial have been used in the construction of the dike, and 139,000 
cubic yards ot riprap have been laid upon the water slopes. The 
cost of the dike has been substantially $750,000. 

The South Dike has been entirely constructed during the year, 
except a portion of the riprapping. This dike has a length of about 
2,925 feet, and has been constructed in a manner similar to that in 
which the North Dike was built. The soil removed from the reser- 
voir has been placed to form the dike, the cut-off trench has been 
excavated and refilled with compacted material, and the water slopes 
have been riprapped in part. The cut-off trench was excavated to 
a maximum depth of 28.5 feet. The material used in the construc- 
tion of the South Dike has amounted to 418,904 cubic yards of 
earth, soil and rock, and 7,687 cubic yards of riprap. 

The number of buildings in West Boylston removed from the res- 
ervoir site during the year was 12, which embraced 2 churches, 6 
dwellings, 2 barns, a hall and a, store. The total number of build- 
ings removed prior to the year was 259. In the town of Boylston 
there were removed 8 dwelling houses, a barn and a schoolhouse, 
— a total of 10 buildings. A few more buildings are still to be 
removed, but the work of demolition has been nearly completed. 

The two nurseries, one upon the north side and the other upon 
the south side of the reservoir, have been maintained. These nurs- 
eries contain upwards of 700,000 seedlings and plants. The larger 
number of these are white pines and arbor vitse, but there are many 
sugar maples, spruces and Scotch pines and smaller numbers of 
hemlocks, tamaracks and larches. About 200 acres upon the margin 
of the reservoir have been planted with seedlings grown in the nurs- 
eries, and much improvement has been made hy the planting along 
the interior roads about the reservoir and by the cutting out of dead 
and undesirable trees. 

The bodies which had been buried in the old Beaman Cemetery 
in West Boylston have been removed to a new burial lot adjoining 
the West Bo3''lstQn Cemetery. The 65 bodies found were removed, 
with the respective monuments, headstones and footstones, and 
properly deposited in the new burial ground. The ground occu- 
pied by the burial lot was purchased for the purpose. The lot was 
graded and seeded and a substantial wall built to enclose it, and a 
gravel drive leading to it was constructed. 
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(c) Lftcudony Construction and Dinamtimiance of Roads. 

An important feature of the work of the \yeAt year has been the 
building of the embankment across the upper end of the reservoir in 
West Boylston in continuation of Worcester Street. This embank- 
ment has in places a height of r)4 feet, and a width of 43 feet at the 
top and 300 feet at the bottom. Instead of building a masonry 
bridge with its abutments at the original channel of the river, it was 
determined to divert the river to the northerly side of the reseryoir 
and to excavate a channel through the rock ledge, and by this- means 
the larger pait of the work of building abutments was avoided. A 
granite bridge lias been extended across this channel, having a span 
of 47.5 feet, the top of the span being at a height of 60 feet above 
the bed of the channel. The sides of the embankment have been 
covered with paving. This work has been completed, and the road 
across the reservoir has l>een opened to public travel. 

The new road from West Boylston has been continued and con- 
structed from Pleasant Street through the village of Oakdale and as 
far as the new location of Holden Street. A single-arch granite 
bridge was built at the crossing of the Stillwater River, and a three- 
arch granite bridge has been constructed where the crossing is made 
of the Quinepoxet River. Overhead bridges have been built at the 
two crossings over the Boston ct Maine Railroad. Holden Street 
has also been relocated and substantially reconstructed so as to per- 
mit public tmvcl. The new construction of roads at Oakdale has 
done away with all grade crossings. 

There have been no new locations of hiorhwavs. 

CD • 

During the year a portion of North Main Street extending north- 
easterlj' from a point near East Main Street to Pleasant Street has 
been discontinued, and also the southwesterly^ part of Pleasant Street 
between the new highway and North Main Street, all in Oakdale. 
A small portion also of the old location- of the Central Massachu- 
setts Division of the Boston & Maine Railroad in Oakdale has been 
discontinued. 

The following is a list of the roads which have been discontinued 
during the year on account of the work of construction of the 
Wachusett Reservoir : — 
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List of Roods dUcontinued during the Tear 1904. 

m 

[loclodlog a part of the Oeotral IifaiBaohatetts Railroad location, being No. 24.] 



No. 


Location. 


Description. 


Date of 
Discontinu- 
ance. 


24 
26 


West BoylstOD, Oak- 
dale Village. 

West BoylitOD, Oak- 
dale Village. 


That part of the old location of the Central Massacha- 
setts Dlvition of the Boston & Maine Railroad which 
extends easterly from the new location of said railroad, 
near the new highway, to that part of the old location 
heretofore discontlnned, near the Worcester. Nashua 
and Portland Division of the Bo«ton & Maine Railroad. 

(1) That part of North Main Street which lies between 
portions of said street heretofore discontinued, extend- 
ing northeasterly from a point near East Main Street 
to Pleasant Street. 

(2) The south westerly part of Pleasant Street, extending 
southwesterly between the new highway and North 
Main Street. 


Feb. 20,1904. 
Oct. 16,1004. 



(d) Relocation of the Central Massachusetts Railroad. 

A settlement has been effected with the Boston & Maine Railroad, 
by which the old track of the Central Massachusetts Railroad through 
the bed of the Wachusett Reservoir has be^n surrendered to the 
Commonwealth ; the interchange of lands required for the purposes 
of the relocation and the adjustment of the account between the 
railroad and the Commonwealth have been made. 

Although the substantial part of the work of relocation was ac- 
complished in the year 1903, some final work has been required 
during the past year, and some other subsidiary work has been 
necessary in connection with the relocation of the railroad. 

It was deemed necessary to reinforce to a considerable extent the 
two railroad bridges which cross the Stillwater and Quinepoxet 
rivers. The masonry generally was grouted ; the places opened 
were filled with mortar, and portions of the . wingwalls had to be 
relaid. 

The relocation of the railroad and the opemtions in connection 
therewith have required an expenditure of $821,700.77. 

(e) Clinton Catholic Cemetery. 

A considerable balance remains due on account of the taking of 
the lands constituting the St. John's Catholic Cemetery Association 
in Clinton. In accordance with the tripartite agreement which was 
executed between the Board, the Roman Catholic Bishop of Spring- 
field and the St. John's Catholic Cemetery Association, incorporated 
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for tho purpose* of hoIdiii<^ the now conieterv lands which were 
acquired in Lancaster, the <rroun(l.s were properly improved and all 
the bodies were transferred and rehuried. 

The Board, at the (*oinpletion of the work, notified the two parties 
that it stood ready to pay over the balance due in accordance with 
the agreement, and to convey the lands in Ijancaster, to which it 
has held the title, to the St. John's Catholic Oenietory Association, 
upon the release to the Connuonwealth of the old cemetery lot and 
ot all claims for damages. No action, however, lias been taken by 
either of the two parties toward efifecting a final settlement. 

(2) Weston A^medict and Reservoir. 

The Weston Aqueduct and Reservoir were so far completed during 
the year 1903 that water was first introduced from the terminal 
chamber into the Metropolitan Water District on one of the last 
days ot that year. During the past year it has been necessary to 
uncover and clean a portion of the rocky bed of the reservoir, as 
this work could not be accomplished in the colder weather; to grade 
and cover with loam a portion of the embankments ; and also along 
the larger pail) of the aqueduct to gnide and seed the embankments, 
to build the fences and to set the stone bounds. Final work also 
was done upon the screen-chamber at the reservoir. 

Final payments upon contracts have been made, but some claims 
for allowances under the contracts have not yet been settled, and a 
few claims for land and other damages also remain to be adjusted. 

One siphon pipe required for the crossing of the Sudbury River 
and Happy Hollow valley in Wayland has been laid, but ultimately 
three lines of these pipes will be required, as the demands of the 
District shall increase. 

The cost of the aqueduct, extending from the dam at the Sudbury 
Reservoir to the terminal chamber overlooking the Charles River at 
Weston, exclusive of the reservoir, will be about $2,500,000, which 
is about $200,000 per mile of the aqueduct proper. The cost of 
the reservoir, having an area of 66. G acres and a capacity exceed- 
ing 200,000,000 gallons, is about $350,000, or about $1,720 per 
million gallons. The cost of both aqueduct and reservoir will, 
therefore, be about $2,850,000. 

The State Board of Health, in its report of 1895, estimated the 
cost of the aqueduct as then proposed at $3,226,000. This estimate, 
however, was for one having a capacity of 250,000,000 instead of 



No. 57.] AND SEWERAGE BOARD. 13 

300,000,000 gallons per day, and did not include an equalizing reser- 
voir. Although the present aqueduct has a capacity exceeding by 
one-fifth that formerly proposed and includes in addition the Weston 
Reservoir, the work as now constructed has been largely within the 
estimates made by the State Board of Health. 

(3) Clinton Sewerage and Filtration Works. 

An improvement has been effected during the past year in the 
filtration works which are used for the purification of the Clinton 
sewage. In connection with the filter-beds, which are located in 
the town of Lancaster, 8 separate settling basins have been con- 
structed, each about 320 feet long and 33 feet wide, and having a 
capacity of about 237,000 gallons. 

The basins are in general constructed upon the surface of the 
ground, so that the bottom may be to a considerable extent imper- 
vious to the passage of water. Eacji basin has an inlet and outlet 
structure of Portland cement concrete, with gates for controlling 
the flow of sewage in and out ; and they arc so arranged that all or 
a part of the sewage can be passed through them, or that all can be 
delivered, as formerly, directly to the filter-beds. 

By means of these basins the more solid matter of the sewage will 
settle at the bottom, and, when the basin is emptied, can be speedily 
disposed of. 

(4) Pipe Laying and Venturi Meters. 

No construction has been carried on by the Distribution Depart- 
ment during the year except the placing of one Venturi meter. 
The engineer and his assistants in this department have been called 
upon to make record plans of work done in past years, and also to 
spend much time upon the preparation of plans, statistics and esti- 
mates in connection with the suit brought by the cities of Maiden, 
Medford and Melrose against the Commonwealth for damages on 
account of the taking of Spot Pond ; and a large increase in the 
work of maintenance was placed upon the department. 

(5) iJVIPROVExMENT OF SpOT PoND BrOOK. 

In response to the special report made in January of the year 
1904, the Legislature of that year passed *' An Act to provide for 
the improvement of Spot Pond Brook by the Metropolitan Water 
and Sewerage Board," which was approved on June 3, 1904, and 
constituted chapter 406 of the Acts of the year. 
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This act provided for improving or changing the channel of Spot 
Pond Brook between Spot Pond in the town of Stoneham and tide- 
water in the city of Maiden, substantially in accordance with the 
plans and recommendations made in the report of the Board to the 
General Court in the preceding year. Tlie act, however, provided 
that no work should be begun upon the improvement until commis- 
sioners, who might within tliree months after the passage of the act 
be appointed upon the petition either of the Board or of the city of 
Maiden or the city of Melrose, had aftcT hearing made award of the 
proportion in which the expenses of carrying out the improvement 
should be paid by the Metropolitan Water District and by the city 
of Maiden and the city of Melrose. The city of Melrose has made 
petition for the appointment of commissioners as provided in the 
act, but no hearing has yet been had thereon. 

(*>) Police Protection. 

Police protection has been afforded, in accordance with the re- 
quirements of the ^letropolitan Water Act, in places where active 
construction has been carried on. The police officers have been ap- 
pointed by the various towns in which their services have been 
required, and they have been subject to the town authorities in the 
performance of their duties, but they have been |>aid for their ser- 
vices by the Board. 

For the Wachusett Reservoir district there have been employed 
18 officers : 8 (reduced to 3 in December) in the town of Clinton ; 3, 
1 of whom is mounted, (reduced to 1 in December) in the town of 
Boylston ; G (reduced to 5 in November and placed on half time in 
December) in the town of West Boylston ; and 1 mounted officer 
in Sterling. 

The construction of the Weston Aqueduct having been entirely 
completed, the 2 officers in Weston were discharged on February 
20, 1904. 

(7) Purchases and Takings of Land. 

Few lands were acquired by the Board during the past year, as 
substantially all the lands which are re(|uired for the general pur- 
poses of construction have now been either purchased or taken. 

There were two takings, however, in West Boylston, of land to 
be used on account of the Wachusett Reservoir, affecting an area of 
125.82 acres. 
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List of Takings for Metropolitan Water Works for the Tear 1904. 



No. 



Location and Description. 



Former Owners. 



Recorded. 



Pnrpose of Taking. 



106 



107 



Weit Boylston and Holden (on 
Qainepozet River, both sides of 
and including a itreet called River 
Street in Holden and Holden Street 
in West Boylaton, and a small 
parcel north of the Boston & Maine 
Railroad, Central Massachnsetta 
Division). Area, 102.90 acres in 
fee. 

West Boylston (southeast of Pleas- 
ant Street and north of land of the 
County of Worcester Truant 
School). Area, 22.86 acres in fee. 



Austin H. Warfleld. 



Heirs of Charles M. 
Harris et al. 



1004. 

March 22. 



April 23. 



Wachnsett Reservoir. 



Wachnsett Reservoir. 



Settlement has been effected with the owners of all the lands 
taken or purchased by the Board for the Metropolitan Water Works 
since the beginning of operations, except for about 127.21 acres, aside 
from Spot Pond and the contiguous lands and the works of the cities 
of Maiden, Medford and Melrose, payments for which, amounting to 
$317,820.68, have been made on account. The Spot Pond suits are 
now pending before a commission. In nearly all cases affecting 
private lands purchases have preceded the takings. 

Settlements under purchases and takings of land, for all purposes 
of the Water Works, have been effected in the past year in 47 cases, 
and for an aggregate of 302.005 acres, with the buildings thereon. 
The sums paid in these settlements have amounted to $144,404.16. 
In only 9 of these cases have the settlements been results of suits at 
law, and the total amount paid in the court settlements has been 
$42,928.90. 

Since the beginning of operations upon the Metropolitan. Water 
Works, the number of settlements of this kind effected for the pur- 
poses of the Water Works, exclusive of the works of water supply 
acquired from the city of Boston, on January 1, 1898, has amounted 
to 818; and under them the Board has acquired rights, in fee or in 
easements, in 12,011.744 acres, or 18.77 square miles, for which an 
aggregate of $3,927,852.07 has been paid. Only 41 of these cases 
have been settled by suits at law, and the total amount paid under 
judgments of the court has been $136,930.23, or less than 4 per 
cent, of the whole. 
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These {)iirchii8cs and takings include lands taken in fee, with the 
buildings thereon, and water and other ri<rhts connected therewith, 
and lands in which easement.^ and other rights are taken ; but they 
do not include settlements for diversion of water, depi-eciation and 
other damages connected with lands not ii(*quired, and in which no 
fee or easement has l)een taken. 



Summary of Land Settlements for Water Works to December 31^ 2904. 



Fob the Year 1004. 



From Bkoixxixo or Wore. 



LOCATION. 



Area Id ' ^f gJmJ". | PaymenU. ' ^remln 
Aorea. , J!^,' ■ ■>™^"*"- ,| Acrefl. 



Number 
of Settle- 
ments. 



Plkymenta. 



Wachuaett Reierroir,* 


1 

1 






: 1 






Clinton, 


6.ft04 ' 


* 




1,286.804| 


• 




Boylston, 


j 20.090 ' 






. 8,026.480 






Weet Boylstoi), 


0.078 : 






1,637.648 






Sterling, 


12.125 \ 


23 


$48,645 21 


714.675 


'f 421 


$2,825,977 88 


Lancaster, .... 


- 






60.070 

1 






Holden, 


1 

1 






I 167.000 






Berlin, 


10.120 


J 




I 11.610 


. 




Total 


04.007 


23 


$43,645 21 ! 

1 


7,814.137 

1 


421 


$2,825,977 88 


Improving Wachunett Water- 
shed. 








I 

1 






Holden, 

West Boylston, 


84.300 
64.480 


! • 


$38,000 00 

1 


84.300 
64.480 


1 • 


$38,000 00 


Total. 


148.780 


3 


$38,000 00 


148.730 


8 


$38,000 00 


Wachusett Aqueduct. 






' 


1 






Berlin, 


- 


1 


1 


46.510 


' 




Boylston 


- 






.380 






Northborough, 
Bonthborough, .... 


7.270 


1 


$1,875 00 


06.070 
80.580 


65 


$74,362 40 


Marlborough, . . . . 


.660 






51.740 






Clinton, 




. 




13.510 






Total, 


7.030 


1 


$1,875 00 


207.700 


65 


$74,862 40 


Sudbury Reservoir. \ 














Bonthborough, .... 
Marlborough 


— 


! - 


- 


1,005.580 
750.080 


150 


$658,818 75 


ToUl, 


- 


- 


- 


2,746.560 


150 


$668,818 75 



* Including payments on account of St. John's Catholic Cemetery. 
t Including settlements made by city of Boston. 
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Summary of Land Settlements for Water Works to D&xmher 31, 1904 — 

CoDcladed. 





Fob the Tear 1904. 


From Bbuinning k 


5P Work. 


LOCATION. 


Area in 
Acres. 


Number 
of Settle- 
ments. 


Payments. 


Area in 
Acres. 


Number 
of Settle- 
ments. 


Payments. 


Improving Sudbury Water- 
shed. 




• 










Northborongh, 


23.470 


^ 




171.400 


1 




fioathborongh, . 


2.166 






4.826 






Westborougb, .... 

• 


- 


> 2 


$8,023 06 


202.480 


> 87 


$16,522 16 


Aihland 


- 






.680 






Marlborough 


- 


J 




.740 


J 




Total, 


25.636 


2 


$3,028 06 


380.076 


37 


$10,522 16 


Clinton Sewerage System, 














ClintoD 

Lancaster 


^^ 


i ■ 


- 


5.320 
129.860 


> 86 


$37,794 40 


Total 


- 


- 


- 


135.180 


36 


$37,704 40 


Weston Aqueduct, 














Newton, 


.193 


• 




.821 


^ 




Weston, . . . . 


17.240 






283.942 






Framingham, .... 


2.740 


> 1« 


$56,851 69 


100.885 


> 76 


$166,856 40 


Wayland, 


34.525 






69.379 


• 




Sontbboroagh, .... 


- 


J 




.450 


J 




Total 


54.698 


16 


$56,851 69 


454.977 


76 


$166,856 40 


Distribution System. 














Boston, 


.104 


1 




.804 


^ 




Brookline 








.050 






Arlington, .... 








1.800 






Maiden 

Medford, 




> 2 


$1,009 20 


.160 
2.390 


\ 29 


$108,420 08 


Newton, 


- 






.060 






-Quincy, 


- 






5.230 






Stoneham, . . . . 


- 


J 




20.850 


J 




Total, 


.104 


2 


$1,009 20 


31.344 


29 


$108,420 08 


Improving Lake Cochituate. 














Natick, 


- 


- 


- 


2.950 


1 


$1,600 00 


Total 


- 


- 


- 


2.950 


1 


$1,600 00 




302.005 


47 


$144,404 16 


12,011.744 


818 


$3,927,852 07 
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The settlements above cDuineratcd do not take into at^count the 
lands ac(iuired under the provisions of the Metropolitan Water Act, 
which required the Board to take the {)roperty held by the city of 
Boston for the purposes of water supply. The takings from the 
city under the Act, which were made on tlanuary 1, 181)S, included 
the Cochituate works, all the Sudbury works except the then unfin- 
ished Sudburv Reservoir, the construction of which had been already 
assumed by the Board, the Chestnut Hill Reservoir and adjacent 
lands, and the Mystic works. The lands thus taken aggregated 
about 3,744 acres, and, in ac<.'ordance with the agreement made 
with the city, a sum total of $12,531,000 was paid for the entire 
works then ac(]uired. 

Including the property thus taken from the city of Boston, the 
settlements have numbered 819; and under them the Board has 
acquired lands in fee or in easements amounting to about 15,756 
acres, or about 24. G square miles, at a total expenditure of $16,458,- 
852.07. More than 99 per cent, of the total amount involved in all 
these settlements has thus been paid in accordance with agreements 
made without the determination of a court. 

Under the similar provision of the Metropolitan Water Act, the 
Board was required to take, from the cities of Maiden, Medford and 
Melrose, Spot Pond and the adjacent lands, settlement for which 
has not yet been eflfected. 

(8) Claims axd Settlements for Loss of Business. 

Additional claims for injury to l)usiness, caused by the carrying 
out of the Metropolitan Water Act in the towns of West Boylston 
and Boylston and portions of the towns of Sterling and Clinton^ 
have been filed during the year ending December 31, 1904, to the 
number of 2. Settlements of such claims have been effected during 
the year in 18 cases, under which the sum of $20,265 has been paid. 
Two claims have been disallowed. All of these claims except 1 
have been settled by the Board outside of the court. The number 
of claims of this class settled since the beginning of the Water Works 
has been 282, and the total sum paid on account of such claims has 
been $139,286. 

(9) Claois and Settlements for Loss of Employment. 

During the year ending December 31, 1904, 6 claims for loss of 
employment by residents of West Boylston have been filed. Set- 
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tlements have been made in 3 cases, the amount paid being $200.49. 
During the year 6 claims have been disallowed. The whole num- 
ber of settlements effected has been 474. The total amount paid on 
account of these claims has been $85,884.65. 

(10) Claims and Settlements for Depreciation of Real 

Estate. 

Settlements in 24 cases of injury to real estate in the towns of 
Clinton, Sterling and West Boylston have been made during the 
year ending December 31, 1904, and the sum of $26,151.17 has 
been paid. Of these claims, 2 have been settled in the courts. 
The total number of claims of this class settled to December 31, 
1904, has been 248, and the total amount paid thereon has been 
$244,395.77. 

It was provided by chapter 436 of the Acts of the year 1904 that 
the owners of real estate situated in that part of the town of Boyl- 
ston lying on the southerly and southeasterly sides of the reservoir 
and within the limits of the Nashua River watershed should have the 
right to recover for damages to real estate not taken, but directly 
or indirectly decreased in value by reason of the Metropolitan Water 
Act, in a manner similar to that before provided for owners of real 
estate in the town of West Boylston. No claims have been allowed 
by the Board under this act. 

(11) Claims on Account of Diversion of Water. 

There has been paid during the past year, on account of judg- 
ments obtained for the diversion of water, the sum of $37,463.80. 
The total sum paid under settlements and judgments for such claims 
since the beginning of the construction of the Water Works has been 
$1,135,708.91. These claims do not, however, in these or in the 
preceding cases, include amounts paid for expert services and court 
expenses. 

ni. WATER WORKS— MAINTENANCE. 

Considerable addition has been made during the past year to the 
duties of the Engineer of the Distribution Department. On March 
10 the Sudbury Department, including also Lake Cochituate and the 
Cochi|iuate Aqueduct, and on May 25 the Weston Aqueduct, were 
placed in charge of the Engineer of the Distribution Department. 
The title of the head of the department was changed to that of En- 
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gineer of Sudbury und Distribution Departments. This engineer 
has now, therefore, char^rc of substantially all the work of niainte- 
nance and o{>cration as far west as South l)onmgh. lie is assisted bj 
Charles K. Haberstroh, who has the immediate supervision of the 
Sudbury and Coehituate works and the portion of the Weston 
Aqueduct above the Weston Reservoir; by (ieorge E. Wilde, who 
has the immediate supervision of tho Weston Reservoir and the re- 
mainder of the Weston A(|ueduct, and of all the reservoirs and pipe 
lines within the Metropolitan District; and by John W. Lynch who 
has charge of the several pumping stations. 

(I) Operation of Works. 

All the 19 cities and towns, included within the Metropolitan 
Water District, liaving an estimated population of 972, (>00, have been 
supplied with water during the year, except the city of Ne^vton and 
the town of Hyde Park. These two nmnicipalitics, though belong- 
ing to the District, have as yet made no application for a supply of 
water ; and, the Board being still of the oi)inion that they have not 
reached the safe capacity of their own sources of supply in a dry 
yeAr, they have been charged with but one-sixth of the entire assess- 
ment and have not been supplied with water from the Metropolitan 
Water Works. 

In addition, the town of Swampscott is supplied with water under 
a special arrangement made with the Board, and a small part of the 
town of Saugus is permitted to take water under a contract with the 
Revere Water Company, which supplies water to the town of Revere. 

In April a request was made to the Board by the Cambridge Water 
Board for a temporary supply of Avater ; and, inasmuch as it appeared 
that an emergency existed in that city, not only by reason of the 
scarcity of water but also of the danger to health which would arise 
from the drawing down of Fresh Pond to a lower level, the Board 
voted to furnish water to the city to meet this emergency, such water 
to be supplied to the city of Cambridge subject to the same limita- 
tions and restrictions as should apply to the cities and towns of the 
Metropolitan Water District. Under this agreement water was ftir- 
nished to that city for a period of 39 days, to the amount of 331,- 
540,000 gallons, for which the city paid to the Commonwealth the 
sum of $15,218.70. Subsequently, in November, a request was 
again made by the Cambridge Water Board for a temporary supply 
of water; and, inasmuch as it appeared that a like emergency had 



No. 57.] AND SEWERAGE BOARD. 21 

again arisen, the Board agreed to furnish water to the city of Cam- 
bridge to the extent of 300,000,000 gallons, subject to the same 
provisions as before. The 300,000,000 gallons were accordingly 
furnished, for which the Commonwealth is to receive $15,000. 

It was understood that the Cambridge authorities should, upon the 
meeting of the Legislature, ask for legislation by which the furnish- 
ing temporarily of water should be authorized by statute in case a 
similar emergency should again arise. 

Except the water supplied by the city of Newton and the town of 
Hyde Park from their own sources, the water supplied to the Met- 
ropolitan Water District came from the sources of the Metropolitan 
Water System, and amounted to a total of 41,929,740,000 gallons, 
or an average daily supply of 114,876,000 gallons. 

(2) Storage Reservoirs. 

Lake Cochituate, which is the storage reservoir of the Cochituate 
watershed, has a normal capacity of 2,242,400,000 gallons. In the 
Sudbury watershed the Sudbury Beservoir has a like capacity of 7,- 
253,500,000 gallons, and the 7 smaller reservoirs have a combined 
capacity of 6,362,600,000 gallons. All the storage reservoirs, 
therefore, of the Cochituate and Sudbury watersheds, have a total 
capacity of 15,858,500,000 gallons. These reservoirs, however, 
hold at certain periods a somewhat larger amount of water than is 
estimated as their normal capacity. 

These storage reservoirs contained on January 1, 1904, 11,376,- 
800,000 gallons, but were gradually lowered until February 22, when 
they contained 10,550,000,000 gallons, the lowest amount reached. 
The largest quantity on storage in these reservoirs was on June 8, 
when they contained 16,011,500,000 gallons. 

The amount of water in storage was largely increased by the addi- 
tional quantity which was stored in the unfinished Wachusett Reser- 
voir. The amount stored in the Wachusett Reservoir was increased 
from 1,760,100,000 gallons, at the beginning of the year, to a maxi- 
mum of 10,117,500,000 gallons on June 8. 

There was a maximum total quantity of water in storage for the 
uses of the Metropolitan Water District on June 8, when the amount 
of 26,129,000,000 gallons was reached. 

The water in the Wachusett Reservoir was carried in June to the 
full height permitted by the condition of the dam and reservoir. 
Before this time, considerable water, estimated at 8,600,000,000 
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gallons, was wasted into the river, l)ecause the conditions made it 
impossible to raise the water to a higher level. 

An average of 88,554,000 gallons per day was drawn from the 
Wachusett Reservoir and conveyed through the Wachusett Aqueduct 
into the Sudbury Resenoir. From the Eramingham Reservoir No. 
3, which received not only this supi)ly but also the yield of a con- 
siderable portion of the Sudbury watershed, there was drawn and 
conveyed through the Sudbury Aqueduct an average of 64,827,000 
gallons per day, and an average of .*W,575,000 gallons per day was 
carried through the Weston Aqueduct into the District. An aver- 
age of 9,004,000 gallons per day was also drawn through the Sudbury 
Aqueduct from Framingham Resenoir No. 2. An average of 
14,984,000 gallons per day was drawn trom Lake Cochituate through 
the Cochituate Aqueduct. Lake Cochituate was, however, some- 
what reinforced by water received on several days in the year from 
the Framingham reserv^oirs. It is estimated that the Spot Pond 
watershed yielded an average of 497,000 gallons per day, which was 
in addition to the quantity pumped into the pond. 

Water was drawn substantially during the entire year from the 
Wachusett Reservoir or Nashua River ; from the Sudbury Reservoir 
and Framingham Reservoir No. 3; from Lake Cochituate for a 
period of 8^ months ; from Framingham Reservoir No. 2, Ashland 
Reservoir and Hopkinton Resei-voir for a continuous period of 4 
months; and during 15 days from Whitehall Reservoir. No water 
was drawn from Framingham Reservoir No. 1 or from Farm Pond 
directly into the District. 

A driveway leading to the Sudbury Reservoir and Dam, which 
had been badly worn during the construction of the Weston Aque- 
duct, received thorough repairs. A wooden building, arranged for 
workshop and storage purposes, has been erected in connection 
with the other buildings of the Commonwealth situated near the 
Dam. Some repairs were also required at Framingham Reservoir 
No. 1 and at Lake Cochituate. 

(3) Distributing Reservoirs. 

The distributing reservoirs, so called, comprising Spot Pond, 
Chestnut Hill, Fells, Mystic, Waban Hill, Forbes Hill and Bear 
Hill reservoirs, and the Arlington and Forbes Hill standpipes, which 
are situated within the Metropolitan District, and were built more 
especially for the purpose of facilitating the distribution of water 
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in the District, also serve secondarily for the storage of a large 
quantity of water which can be drawn upon in case of emergency. 
The total capacity of the above-named reservoirs is 2,181,230,000 
gallons. To this total may be added 200,000,000 gallons, the 
capacity of the Weston Reservoir, which was built especially as an 
equalizing reservoir for the waters coming through the Weston 
Aqueduct. During the past year, also, an arrangement has been 
made with the Water Commissioners of the city of Chelsea by which 
water may be drawn from the high-service reservoir in that city in 
case of emergency, for supplying other cities and towns situated in 
that portion of the District. In consideration of this use, the Board 
has made repairs to the lining of the reservoir at a cost of about 
$4,000. This reservoir has a capacity of 916,500 gallons. 

The grounds about Chestnut Hill Eeservoir, Spot Pond, Fells 
Reservoir and Forbes Hill Reservoir, at which the tower commands 
an extensive view of the surrounding country, have been much 
resorted to in the summer season for recreation purposes. Mystic 
Lake, although not now used for water supply purposes, is main- 
tained in good repair, and its waters may be used in case of emer- 
gency for the purposes of the District. The estimated capacity of 
this lake is now 380,000,000 gallons.* 

(4) Aqueducts. 

The Wachusett Aqueduct was kept in use during 283 days of the 
year. It was emptied for a thorough cleaning, and also for the 
purpose of repairing some cracks in the aqueduct which had been 
caused by changes of temperature. 

The Sudbury Aqueduct was in operation during 354 days. It 
was twice emptied for cleaning, and its use was discontinued also 
for necessary repairs to that portion of the aqueduct which crosses 
the Waban Bridge. There was a leakage from the aqueduct at this 
bridge, owing to cracks in the masonry ; these were pointed or 
gi'outed and washed with cement, and the lower half of the aque- 
duct for the entire length of the bridge, a distance of 5G2.25 feet, 
was lined with sheet lead and otherwise reinforced. Other repairs 
of a minor character were required at Echo Bridge and at the Beaver 
Dam Brook culvert. 

The Oochituate Aqueduct was in use 259 days during the year. 

The flow of the Weston Aqueduct, which had been put into oper- 
ation at the very end of the preceding year, was shut off for about 
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three weeks, in order to do the finishing work upon the Weston 
Reservoir. At the same time some cracks in the aqueduct, which 
developed soon after construction, were re|)aired, and other finish- 
ing work was accomplished. The aqueduct was in use 320 days. 

(5) Pi'MPiXG Stations. 

The operation of the Weston Aqueduct has enabled more than 
one-fourth part of the entire (|uantity of water consumed by the 
District to be supplied by gravity, and has consequently relieved, 
to a considerable extent, the low-service pumping station at Ohest- 
nut Hill. 

The average number of gallons pumped {)er day at the pumping 
stations during the year was 95,525,000, as appears by the follow- 
ing table : — 



19A1IE. 



Total Capacltj of 

Pomps (Gallons 

per Day). 



ATorafe Mamber 

of Oalloiis 
pumped p«r Day. 



Chestnut Hill, high service, 
Chestnut Hill, low service, 
Spot Pond, . 
Arlington, 
West Roxbury, 



66,000,000 
105,000,000 

80,000,000 
1,500,000 
2,000,000 



204,500,000 



81,185,000 

55,880,000 

7,999,000 

517,000 

504,000 



95,525,000 



Although the average height to which the water was pumped in 
the year 1904 was 86.87 feet, or 18.37 feet higher than in the pre- 
ceding year, the cost per million gallons pumped was $2,615, being a 
reduction from the preceding year of $0,195. This decrease in cost 
was largely due both to the reduced price of coal and to the use of 
a larger proportion of anthracite buckwheat coal and screenings, 
which it has been found could profitably be mingled with other 
kinds of coal. 

Tests have been made to determine the heating power and value 
of all the kinds of coal which have been used at the several stations. 

The cost per million gallons raised 1 foot was for the Chestnut 
Hill high-service station $0,024, for the Chestnut Hill low-service 
station $0,030 and for the Spot Pond station $0,031. The cost is 
in each case considerably less than that of the preceding year. 
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(6) Pipe Lines and Pipe Yards. 

No new lines of main pipes have been put in service during the 
year. There have been 19 leaks in pipes, 16 of which were caused 
by defective joints. Two leaks were discovered in the main pipes, 
caused by breakage, one in the 30-inch high-service main in the 
grounds of the Chestnut Hill Reservoir, and the other in the 16-inch 
high-service main in Winthrop Avenue in Revere. During the year 
also the 12-inch pipe line on Washington Street in Lynn, for a dis- 
tance of 553 feet, was relaid on account of the damage done to it by 
electrolytic action. 

The emergency and repair forces, that for the northern district 
having its headquarters at the Glenwood pipe yard and the other 
for the southern district at the Chestnut Hill pipe yard, have been 
able to do all the work of repairing and relaying that has been re- 
quired, 

(7) Clinton Sewerage and Filtration Works. 

During the spring months, when the quantity of sewage was 
large, the pumps of the Clinton Sewerage Works were kept in 
operation during the night as well as the day. The quantity of 
sewage pumped and deposited upon the filter-beds has been, upon 
the average, 43,000 gallons per day less than during the preceding 
year, the quantity so pumped and deposited daily having been 
740,000 gallons. This decrease in the amount of sewage is owing 
in part to the fact that the Clinton Water Department has continued 
to increase the number of metered house services, and in part to the 
fact that, the river being lower, there has probably been less perco- 
lation of river water into the defective local sewers. 

The 8 new settling basins which have been added to the filtration 
beds were put into operation near the end of the year. Considerable 
experimenting has also been made in the methods of caring for the 
filter-beds, in order to improve further the character of the effluent. 

The expense of pumping was somewhat increased, owing to the 
employment of an additional engineer for the night service. The 
cost per million gallons pumped was $11.99, as against $9.37 
the preceding year. The cost per million gallons filtered was 
$8.29, as against $7.82 the preceding year. 
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(8) Sanitary Inspection axd REorLATioxs. 

Dr. J. J. Goodwin of Clinton has bcon employed, as heretofore, 
under the supervision of the en<rineers in char^ of construction, to 
examine the camps and other buildings occupied by the laborers, for 
the purpose of keeping su(*h places and the grounds about which 
construction has been carried on in proper sanitary condition. 

The general inspection of the watersheds, which has been exercised 
by tlie maintenance depailment, has l)oen continued during the year 
under the supervision of William W. Locke, O.E., with two regular 
assistants. Other assistance has been rendered him by the engineers, 
and at times day laborers have been employed to carry out the im- 
provements which have been rc(iuired. There have been no cases of 
contagious disease arising within the limits of the Wachusett Reser- 
voir, and few such cases upon the watershed. There has been a 
larger, but not an excessive, number of cases upon the Sudbury 
and Cochituate watersheds. Efficient measures have been taken in 
all cases to protect the purity of the water supply. 

Inspection has been made of 1,530 premises in the Wachusett 
watershed, and of 847 premises in the Sudbury and Cochituate 
watersheds, the conditions of which were for some reason suspected 
or called for examination. The larger number of these were either 
found in satisfactorj^ condition, or but slight work was required in 
order to make them satisfactor3^ In the more serious cases in the 
Wachusett watershed remedies have been effected, through the efforts 
of the inspectors, on 15 premises, and 17 premises have been par- 
tially remedied. On the Sudbury and Cochituate watersheds 148 
premises have been remedied, all but 4 of them by sewer connec- 
tions ; and, in addition, 25 premises have been partially remedied. 
The local authorities have in general cooperated with the inspectors 
for the sanitary improvement of the region, and in no case during 
the year has it been necessary to resort to the courts in order to en- 
force the laws and regulations for the prevention of pollution. 

A suit which arose in the preceding year, through the claim of the 
owner of one of the mill properties of the right to discharge pollut- 
ing matter into the Quinepoxet River, is still pending before the 
courts. 

It has been the policy of the Board, as previously announced, to 
introduce, at the expense of the Commonwealth, the works which 
are required for remedying the cases of pollution when the sources 
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existed prior to the operations of the Board. In cases where the 
sources of pollution have arisen since the operations of the Board 
began, it has been made the duty of the owner to pay the cost of 
such work ; but the engineers and inspectors have been willing to 
offer suggestions regarding the means by which remedies could be 
supplied. 

The ditches which have been dug to drain swamps upon the water- 
shed have been kept in good condition. No ditches were dug dur- 
ing the past year. 

Samples of water from as many as 17 different points have been 
collected at regular intervals of a month or more, and submitted to 
the State Board of Health for analysis and examination. Samples 
have also been collected from a larger number of places weekly or 
fortnightly for examination by the biological force of the Board. 
Besides, other samples have been taken and examined from time to 
time, accordingly as called for, from the various reservoirs, brooks 
and filter-beds. Microscopic organisms have been found more 
abundant than usual in the Sudbury Reservoir and the Framingham 
Reservoir No. 3. These have caused some odor in the water, but 
are entirely innocuous. The organisms in Lake Cochituate have 
been fewer than usual, so that but for a small portion of the year has 
the water been found undesirable for use. 

(9) Marlborough Brook. 

The sewer intended to convey diluted sewage overflowing from 
the sewers of the city of Marlborough during heavy storms, and an 
additional filter-bed for purifying the overflow by filtration, which 
were completed at the end of the preceding year, have been in suc- 
cessful operation. The large filter-bed, which combines with filtra- 
tion the advantages of a considerable reservoir, has taken care of the 
overflow from the main sewer during times of freshet. The main 
filter-beds have, except for portions of six days during freshets, 
filtered successfully all of the water received from the brook. One 
of the old storage basins has been much enlarged by increasing its 
capacity from about 2,600,000 gallons to 9,000,000 gallons. An 
18-inch sewer pipe has also been substituted for the open channel, 
built from the end of the new overflow sewer to the filter-beds. 

The analyses which have been received show that the water has 
generally been satisfactorily purified by the filtration. 
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IV. WATER WORKS — FINANCIAL STATEMENT. 
(1) Metropolitan Water IjOan, Rkceipth and Assessments. 

The appropriations for the construction and acquisition of the 
Metropolitan Water Works, the receipts which are added to these 
appropriations, the expenditures for the construction and acquisition 
of works, and the balance available on January 1, 1905, have been 
as follows : — 

Appropriation under chapter 48S of the Acts of 1895, . . . $27,000,000 00 
Appropriation under chapter 453 of the Acts of 1901, . . 18,000,000 00 

$40,000,000 00 
Proceeds from the sales of property applicable to the construction 

and acquisition of works (of which $20,598.60 is for the year 

1904) 95,670 85 

$40,095,570 85 
Amount approved by the Metropolitan Water and Sewerage Board 
for payments to December 31, 1904 (of which $2,174,498.19 is 
for the year 1904), 88,388,255 76 

Balance January 1, 1905, $1,707,815 09 

The Treasurer of the Commonwealth, under the authority given 
him to issue from time to time, on the request of the Board, 
negotiable bonds to an amount not exceeding $40,000,000, to be 
designated the '' Metropolitan Water Loan," has sold bonds as 
follows : — 



Datk. 



Bonds sold. 



Bate 
(Per Gent). 



Time 
(Years). 



Price. 



Premiams 
(in Amount). 



1895, 
1896, 
1896, 
1897, 
1898, 
1898, 
1899, 
1900. 
1901, 
1901. 
1901, 
1901. 
1901, 
1901. 



$2,225,000 


8i 


40 


2,775,000 


Si 


40 


2.000,000 


3i 


39 


6,000,000 


Si 


38i 


2,000.000 


Si 


40 


2,000,000 


Si 


40 


3,000,000 


S 


40 


1,000,000 


8 


39 


8,000,000 


3 


40 


100,000 


3 


40 


150,000 


8 


40 


205,000 


3 


39i 


50,000 


3 


39i 


50.000 


3 


39i 



$110 
110 
106 
107 
113 
112 
100 
102 
102 
100 
100 
100 
100 
100 



67 

67 

76268 

82 

176 

877 

64 

78 

155 

376 

10 

25 

25 

50 



$287,407 50 

296,092 50 

185,258 60* 

469,200 00 

268,520 00 

257,540 00 

19,200 00 

27,800 00 

64,650 00 

875 00 

150 00 

512 50 

125 00 

250 00 



* Including $18,673.60 from readjaetment of rate made by the Traaaarer in 1897. 
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Datb. 



Bonds sold. 



Rate 
(Per Cent.)- 



Time 

(Tears). 



Price. 



Premiums 
(In Amount). 



1901, 
1901, 
1901, 
1901, 
1901, 
1902, 
1902. 
1903, 
1903, 
1904, 
1904, 



f300.000 

200.000 

8,100,000 

1,345,000 

1,600.000 

3,000,000 

600,000 

250,000 

1.260,000 

600,000 

2,000.000 



138,600,000 



3 


39i 


3 


39i 


3i 


39i 


3 


39i 


3 


39i 


8i 


40 


8i 


40 


3i 


40 


8i 


40 


Si 


S9i 


Si 


40 



flOO 
100 
106 
100 
100 
109 
109 
106 
106 
104 
104 



10 

25 

71 

00 

00 

13 

13 

725 

1329 

60* 

60 



$300 00 

500 00 

208,010 00 



273,900 00 
45,650 00 
16,812 60 
76,661 25 
23,000 00 
92,000 00 



12,508,909 85 



* These bonds were temporarily sold in 1908 to the sinking fand at par, and were subsequently, in 
1904, resold from the sinking fund at this rate. 

The sinking fun'd established by the Treasurer of the Common- 
wealth has amounted at the end of each year to sums as follows : — 



December 31, 1896, . 
December 31, 1896, 
December 31, 1897, 
December 31, 1898, 
December 31, 1899, 
December 31, 1900, 
December 31, 1901, 
December 31, 1902, 
December 31, 1903, 
December 31, 1904, 



1226,286 05 
699,860 70 
954,469 00 
1,416,374 29 
1,349,332 97 
1,573,619 72 
1,662,426 96 
2,256,803 81 
2,877,836 69 
3,619,602 92 



The assessments for the year 1904, made by the Treasurer of the 
Commonwealth, for the payment of the interest on the bonds issued 
by the Commonwealth, the sinking fund requirements and the ex- 
penses of operation and maintenance of the Water Works, were as 
follows : — 



Arlington, 
Belmont, . 
Boston, . 
Chelsea, . 
Everett, . 
Hyde Park, 
Lexington, 
Maiden, . 
Medford, . 
Melrose, . 
Milton, . 



f 12,972 76 

6,391 85 

1,700,274 07 

44,607 49 

33,637 19 

3,091 24 

6,391 91 

46,499 48 

27,519 87 

19,722 73 

16.173 01 



Nahant, . 
Newton, . 
Quincy, . 
Revere, . 
Somerville, 
Stoneham, 
Watertown, 
Winthrop, 



(3,636 05 
10,359 65 
34,084 24 
16.717 42 
86,736 93 

8,343 88 
15,060 77 

9«880 83 

$2,100,800 37 
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The comparatively smaller sums assessed upon the city of XewtoD 
and the town of Hyde Park were owin<r to t\w fact that neither of 
these municipalities had reached the safe capacity of its sources, and 
had been furnished with water. 

The proceeds from the oi)ei'ations of the Board, exclusive of the 
proceeds from sales of property, have been, according to the pro- 
visions of the Water Act, applied to the payment of interest and 
sinking fund requirements, and the maintenance and operation of 
works, as follows : — 

For the year 1904, $12,462 85 

The expenditures for the maintenance and operation of the Met- 
ropolitan Water Works have been as follows : — 

For the year 1904, fS 16.780 81 

Sums have been received during the year 1904, under the pro- 
visions of the Metropolitan Water Act, for water furnished, as 
follows : — 

Cambridge f 16,218 70 

Framingham Water Company, 366 80 

Revere Water Company, 391 00 

Swampscott, 4,100 00 

f 20,076 60 

At the close of the year, the Treasurer, in accordance with the 
requirements of the Act, has distributed to the cities and towns of 
the District, in proportion to the annual assessments theretofore 
contributed by them, this amount, as follows : — 



Arlington, 








1113 86 


Nahant, 




* 1 


$33 14 


Belmont, 








69 67 


Newton, 


• « 


97 98 


Boston, 








. 16,476 04 


Quincy, 






319 96 


Chelsea, 








431 62 


Revere, 






141 99 


Everett, 








307 26 


Somerville, . 






820 81 


Hyde Park, 








29 10 


Stoneham, . 






60 96 


Lexington, 








18 06 


Watertown, 






140 82 


Maiden, 








443 63 


Winthrop, . 






87 76 


Hfpdford 








260 36 




Melrose, 








188 34 


120,076 60 


Milton, 








46 66 
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(2) Expenditures for the Different Works. 

The following is a summary of the expenditures made in the 
various operations for the different works : — 



Construction and Acquisition of 
Works. 



For the Year ending 
December 31, 1904. 



From Beginning of Work 
to December 31, 1904. 



AdministratloD applicable to all parts of the 
construction and acquisition of the workf , 
Wachnsett Dam and Reservoir : — 

Wachasett Dam, 

North Dike 

SontbDike 

Removal of soil. 

Relocation of railroads, . 

Roads and bridges; . 

Real estate, .... 

Damages, real estate not taken, business and 
loss of wages. 

Other expenses. 



Improving Wachusett watershed, 
Wachasett Aqnednct, 
Sadbnry Reservoir, . 
Protection of Sadbnry supply, . 
Improving Sndbnry watershed. 
Protection of Cochitnate supply. 
Improving Cochitnate watershed. 
Improving Lake Cochitnate, 
Pipe lines, Dam No. 8 to Dam No. 1 
Pipe line, Rosemary siphon, 
Weston Aqnednct :-> 

Aqnednct, • . . . 

Reservoir, .... 

Supply pipe lines, . 

Real estate, taxes and other expenses, 

Distribution system : — - 
Low service : — 

Pipe lines and connections, 

Pumping station. Chestnut Hill, 

Reservoir, Spot Pond, . 

Gate-house and connections. Chestnut 
Hill Reservoir 

Real estate and other expenses, . 
Northern high service : -> 

Pipe lines and connections. 

Spot Pond pumping station. 

Fells Reservoir, Stoneham, 

Bear Hill Reservoir, Stoneham, 

Real estate and other expenses, 

Amounts carried forward, 



$609,323 07 

63,800 28 

106,034 16 

394,487 81 

140,688 75 

83,170 66 

62,173 83 

46,616 66 
513 16 



$91,612 79 

55,411 77 

9,464 60 

60,251 58 



$368 66 



2,256 78 
240 80 

111 90 



$17,594 74 



1,506,803 88 

40,554 08 

1,078 75 

9,045 90 
8,278 84 



216,740 74 



$2,986 64 $1,795,996 47 



$1,988,151 99 
747,288 45 
115,541 31 

2,338,057 96 
821,700 77 
484,475 25 

3,141,070 55 

469,566 42 
5,382 22 



$2,316,010 77 
288,454 79 
584,088 92 
184,151 24 



$1,751,205 67 
450,251 97 
578,101 58 

65,480 88 
86,809 89 

440,589 28 

291,829 85 

141,392 94 

88,267 70 

14,888 05 



$239,078)75 



10,106,234 92 

58,024 81 

1,790,237 62 

2,922,445 81 

128,797 06 

94,754 58 

9,000 00 

8,860 68 

103,587 29 

48,471 48 

28,142 08 



8,367,660 72 



$8,867,717 81 $18,001,136 10 
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COMtTBUCnOM AMD Ao^UIftlTIOK OF 
WOBKS. 



I 



For tb« YMr mmIIds From BtftoolDg of Work 
D«ecmb«r 81, 1004. to Doeonbor SI, 1904. 



Atnountt brought /ortcard t 

DbtribaUoD tyatem — Con . 

Sonthem high servlee : — 
Pipe Udm and conneotiODs, 
Pamping sUilon, Chestnut Hill, 
Forbee BUI RMervclr, Qulncy, . 
WahanHlll Reaervoir, Newton, 
Real estate and other expenses, . 

Northern extra high service, . 

Soathem extra high service, . 

Meters and oonnections, . 

Improving Spot Pond Brook, 

Qlenwood pipe yard, 

Chestnnt Hill pipe yard. 

Diversion of water, Soath Branch of Nashna 

River,* 

Acquisition of existing water works : -> 
Reimbarsement city of Boston, partially 

constructed Sudbury Reservoir, 
To Boston, for works taken Jan. 1, 1898, 
To Maiden, Medford and Melrose (on ac 

count) for taking of Spot Pond, . 
To Newton, for Waban Hill Reservoir, 

Transfers of works acquired and other prop- 
erty to accounts for special works, . 

Engineering, conveyancing, etc., . 

Pipes, Valves, Castings, etc., sent Jtrst to 
Storage Yards, and afterwards tranft/erred 
as needed to Different Parts of the Work. 

Sent to storage yards, 

Transferred from storage yards to works, and 
included in costs above, 

Total for constructing and acquiring of 
works, 



$S,9M 64 $1,7M,M6 47 , $3,867,717 81il8^1»ia6 10 



6 00 



14 00 

62 00 
812 74 
176 02 



$317,820 68 



$317,820 68 



$817,820 68 
9,706 94 



$921 83 



718 44 



4,047 80 
46,723 41 



804,490 86 
842,121 88 
00,008 40 
61,608 11 
10,226 86 
18,061 47 
22,816 67 
74,001 28 
8,717 06 
38,100 60 
11,811 86 



4,ra6^8 40 
1.867,481 81 



327,527 62 



203 39 



$2,174,498 19 



$1,167,021 60 
12,768,048 80 

843,670 88 
60,000 00 



$14,380,440 78 
1,240,166 42 



$18,090,274 36 
83,814 64 



18,124,088 90 



$2,084,880 07 



2.014,660 01 



60,720 96 



$88,388,266 76 



* Of the total expenditures from the beginning of the work, the sum of $149,102 is for OUnton 
sewerage system. 



Maintenance and Operation. 



For the Year ending 
December 31, 1004. 



Administration, . 
General supervision, . 
Taxes and other expenses, 

Amount carried forward , 



$9,678 18 

4,436 86 

80,814 06 



$44,428 08 
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rot Itae Ym 


r ending 
1,19(14. 






•4i,4ia 03 




f 2.5W ^» 


/^ ^ " 












8.335 87 


\V~sirhuiiBtt Dim kDd Aquedscl Depurtment : — 






10,4 T3 71 








,""'"dZ°"""'" 


1,*M ID 






lB,iOi! M 




•3^181 


















4,9BOM 

«,soae3 




Fnatlagh^m EsKnolcB. 1, S sod 3, 










a,HT ee 




















7,MT!10 
a,6M 84 









Cb^BlDul Hili low-ieriiss pumpiDg UaUoa. pumping 
CbBitnal Hill bigfa-iervicB pampJDg lUtloo, pamplng 



Ml Hill Keaervolr, 



BuUdlDBi BL Bpol Pond, . 
Anomli carritd faniar: 
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MaIKTRNANCB ANI> (iPRRATIOH. 



Amounts bntugMt/wirartI, 

DUtrlbation Department — t on . 
Pipe lines : — 

Ix>w servieo, 

Northern biyh service, 

Bontbem high servici*, 

Supply pipe lines, 
Buildings Ht Chestnut nil I, . 
Chestnut III II pipe yArd, 
Olenwuod pipe yard and builtltoKx. 

Stables, 

Waste prevention, .... 
Venturl meters, .... 



Total for mAlntaining and operating works. 



For tb« Ywmr •Dding 
D«c«Bb«rSl, 1904. 



$t»,«ao 60 ii44.sn m 



13,000 10 
8,06S 01 
8,116 01 
81S SO 
1,681 SO 
1.481 06 
4,788 94 
6,016 68 
4,484 66 
8,440 OS 



171,467 IS 
$816,780 81 



(;>) Dktailei) Fi\ax(^ial Statement. 

The Board herewith presents, in accordance with the Metropolitan 
Water Act, an abstnict of the expenditures and disbursements, re- 
ceipts, assets and liabilities for the year 1904. 



(a) Expenditures and Disburnements, 

The total amount of the expenditures and disbursements on account 
of construction and acquisition of works for the yeiu* beginning Jan- 
uary 1, 1904, and ending December 31, 1904, is $2,174,498.19; 
and the total amount from the time of the organization of the Met- 
ropolitan Water Board, July 19, 1895, to December 31, 1904, is 
$38,388,255.76. 

For maintenance and operation the expenditures for the year have 
been $315, 780. 81, and from the beginning of the work, $1,912, 536. 44. 

The salaries of the commissioners, and other expenses of admin- 
istration, have been apportioned to the constiiiction of the works 
and to the maintenance and operation of the same, and appear 
under each of those headings. 

The following is a division of the expenditures according to their 
general character : — 
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Obniral Chabaotbr ov Expenditures. 



For the Year ending 
December 81, 1904. 



From Beginning of Work 
to December 81, 1904. 



Construction of Works and Acquisition 
BT Purchase or Taking. 

Administration . 

OommiMioners 

Secretary and auditor, 

Oierksand ■tenographeis, 

Legal services, 

Travelling, 

Stationery and printing, 

Postage, express and telegrams, 

Fnrnitare and fixtures, 

Alterations and repairs of buildings, 
Teleplione, ligliting, heating, water and care 

of building, 

Rent and taxes, main office, .... 
Miscellaneous expenses, 

Engineering, 
Chief engineer and department engineers, 
Principal assistant engineers, .... 

Bngineering assistants, 

Consulting engineers 

Inspectors, 

Architects, 

Railroad and street car travel, .... 

Wagon hire, 

Stationery and printing, 

Postage, express and telegrams, 
Bngineering and drafting instruments and 

tools, 

Engineering and drafting supplies, . 
Books, maps and photographic supplies. 

Furniture and fixtures, 

Alterations and repairs of buildings : — 

Main office 

Sub-offices, 

Telephone, lighting, heating, water and care 
of buildings : -^ 

Main office, 

Sub-offices, 

Rent and taxes, — main office, . . . . 
Rent of sub-offices and other buildings, . 

Field offices and sheds, 

Clinton office building 

UnolfUMlfied supplies, 

Miscellaneons expenses, 

Amounts carried forward, . . . . 



$5,838 83 
2,804 28 
4,038 88 

488 01 

1,287 71 

223 75 

44 15 

2 41 

1,026 10 
603 00 
267 27 



$16,850 42 


11,568 41 


68,445 47 


22,317 07 


3,116 45 


777 10 


4,808 64 


905 18 


568 10 


49 22 


898 17 


356 31 


46 78 



472 32 
111 50 



2,773 56 

2,079 88 

1,809 00 

252 00 

18 80 

589 31 
520 20 



$17,594 74 



188,831 84 
$156,426 58 



$100,976 92 
44,115 11 
49,224 15 
2,859 00 
3,409 09 
8,671 98 
2,568 37 
4,188 44 
5,743 27 

9,787 94 
3,855 80 
4,288 68 



$193,107 99 


136,790 84 


946,273 78 


28,437 07 


281,855 34 


32,528 89 


26,606 15 


42,772 96 


24,797 08 


7,452 85 


19,225 73 


23,916 48 


6,869 44 


14,876 97 



13,988 36 
2,860 07 



19,858 68 
17,447 02 
11,385 75 
4,518 74 
1,274 40 
0,866 87 
8,176 58 
8,452 21 



$230,078 75 



1,877,233 79 
$2,116,312 54 
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Qbhibil Cbaiuctib or KxrEaniTDmai. 



Amountt brouffhlfirvird. 



ii>rr»orkMglT»ln<l< 



CoDtnuU conplMod 

ibihIs prior la Janum 
Bnwb Broi,, cicaviiil 



ir Brw Co . boUdlng 



TbeOaorge U, Alklni Co., srnta bildi^iod 

•botiDentolO^MiIc 

Frinela A. UoCaalin, niuoorf urcta bridge 



JoboT. MiigiwJtGa., Boulb Dike, . . 
UeArlbnr Broi.Co., plaeldg rlprip on Iha 

weiWrly porUon of tha North Dike, . 
tloAnhur Broi. Co., W»haH(I turn. 
Win. Cnmp ASoni Bblp and EaglneBulld- 



Dili* & Fjirnnm MunnraiTLaiiiig Co., Ckil- 




iDgB f or 'Wtshaiatt DuDi 




Glbbj Fonndry Oo , oullnji (or WiiobaMll 








CofflD Valve Co..>loloe gsleo lor Wichaiotl 




Dim 


1, 



Chlpiniin V»lve 

(orW.ehutBll. 
Coonery ft Wboi 



U aorapleled, WnsboKLt AqaednBt, 
U oompletHl, Budhnry RcMrrolr, 
lunl, carried /oncard 



•10,148,011 M 
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OENIBAL ChABACTEB of £jLFEin>ITUBE8. 



For the Year ending 
December 81, 1964. 



From Beginning of Work 
to December 81, 1904. 



Amounts brought forward. 

Construction — Con. 
Contracts, protection Sndbnry Supply : -^ 

City of Biarlborongh, main sewer, 
Contracts completed. Improving Lake Cochlt- 

Contracts completed, protection Cochituate 

Supply : — 
Town of Framingham, low-level sewer. 
Contracts completed, Rosemary siphon, . 
Contracts completed, pipe line, Dam No. 8 to 

Dam No. 1, 

Contracts completed, Clinton sewerage sys- 
tem, 

Contracts, Weston Aqueduct : — 
Contracts completed and final payments 

made prior to January 1, 1904, . 

T. H. Gill Sect. 1 

Shanahan, Casparls&Co., . . Sect. 2 

Sundry bills paid under this contract, 
Shanahan, Casparis & Co., . . Sect. 8 

Sundry bills paid under this contract, 
Bruno, Salomone & Petitti, . . Sect. 5 
Shanahan, Casparis & Co., . . Sect. 6 

Sundry bills paid under this contract, 
Winston & Co., . . Sects. 8 and 10 

Winston & Co Sect. 11 

Shanahan, Casparis & Co., . . Sect. 12; 

Sundry bills paid under this contract, 
Michael H. Keefe, .... Sect. 18 
Columbus Construction Co., . . Sect. 18 
Nawn & Brock, .... Sect. 14 
Winston & Co., .... Sect. 16 
Nawn & Brock, Weston Reservoir, Sect. 1 
Nawn & Brock, Weston Reservoir, Sect. 2 
Dennis F. O'Connell, supply pipe lines 

Sect. 2, 

C. A. Dodge & Co , superstructures of the 

head and meter chambers, . 
Woodbury & Leighton, superstructures of 

the channel and screen chambers, 

Contracts completed. Distribution System, 
Deduct value of pipes, valves, etc., included 

in above list, transferred to maintenance 

account December 81, 1900, 

Amounts carried forward , 



- $1,272,166 63 



9,000 00 



$28 12 

2,897 62 

8,797 44 
126 28 

6,968 06 
2,000 00 
6,268 89 

8,889 77 



12,472 79 


8,818 44 


7,000 00 


6,484 88 


81,464 63 


1,600 00 


4,740 00 


4,780 76 



96,116 61 



• $1,377,282 24 



$10,148,016 86 




9,000 00 




60,667 46 




9,000 00 




6,916 96 




17,240 22 




66,878 22 


$866,468 02 




84,483 89 




197,646 17 




2,911 80 




122,280 42 




4,214 78 




128,226 68 




106,805 66 




6,968 06 




146,662 09 




169,892 69 




186,181 78 




8,889 77 




11,206 06 




406,046 69 




69,449 04 




168,642 96 




63,778 38 




128,970 70 





71,287 87 



10,804 00 



12,484 75 



2,342,680 44 



$4,888,372 31 



3,139 77 



4,380,232 54 
$17,089,672 69 
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Forili*T*ar.adl(.a 
iMMBtwll. 1M4. 




Addmooal worfc:- 

L»bof 

Ftaltuianal aarileu. midlal HrrloH, iiul. 

J»".»" 

Trmwlllnf 

R«t. 

Fr.ichla.id'up'H* 

Jobblntudnpalriiig 

."Ppll" 

Elaoulcal.upplla., 

CMllng.. Ironwork and meUK . 

Iroo plpa and viItm 

£ImUdc •uppLUi 

Fiul. oil and niu 

Luinbar>D<Ifl<i1dt)Dl]dla|i 

Drain pip 

Brick, oamenl and •Una 

Band, graral and aillai 

UDOlolp*) and Borporatlon work, . . . 

PollMaerrtw 

Banlur; InipecllDD 

UoolaHlUsd lupptlai 

Mlicellanaoui aipen>«i, 


- ti,>n,3n « 

•«0,1M83 
31 OO 

ti n 

i,4Mn 
431 rs 

4.330 31 

4,630 SO 
3,610 « 

174 10 

m 34 

3.m30 

1.174 33 
5,438 34 

I,t03 0l) 
J.340 0T 

3,«3eoi 


HT,I»^*73 m 

Looaw 

1,431 ot 

ii.»»> II 

3,433 M 

7tJ>3H 

4,830 31 
31.111 M 
34413 0> 

1^43 

4.H3aD 
10,S»1T 
n.K4M 

B.Me4B 
33,734 33 

B,»8T38 
t0T.«3aSS 
101,383 83 
11,311 13 
37 .BH 31 
14.W3B4 

3,038 33 


I,.«.laoda»pan:- 

Logal«rylMi 

Biportwnlo 

OonriBipeOMH 

UlinellaiieoaB »FeD>e> 


• 100 00 


(4,B«S 83 
633 74 

40 06 


liial Eitali. 
Legal and eipflrlr — 
Legal lerFEDei, . 

Bxperls 

AppraLere, . . . 

Ooiin.Bl Bipeoaei, . . 

ConyeyaBclngejpenia.. 

BetllemoDU made bj Board. 








ti.6BI U 
8MIM) 

1.MTM 
8,413 CO 

43 «1 

286 TI 

330 80 

I01.4T6 IB 


W,73fl 31 

00.338 OT 

11,811 S3 

. 31.048 08 

43U 

3,140 33 

B,T1I 08 

8,038 13 

3,!S0,31B 34 




»I13,3M 10 11,637,383 K 


»S,4Sa,630 41 »1B,B11,1S1 4t 
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Genbbal Chabactbb of Bxpbnditubbs. 



For the Year ending 
December 81, 1904. 



From Beginning of Work 
to December 31, 1904. 



Amount9 brought /orwardt 

Real Estate — Con. 
JadgmentB 

Taxes and tax eqaivalenta, .... 

Care and disposal 

Damaget to Real Estate not taken, to Buaineta 

and on Account o/Lona of Wages, 
Legal and expert : — 

Legal services, 

Expert services, 

Court expenses, 

Settlements, 

Judgments, 

Claims on Account of Diversion of Water. 
Legal and expert : — 

Legal services, 

Expert services, 

Court expenses, 

Miscellaneous expenses, 

Settlements, 

Judgments, 

Purchase of Existing Water Works. 
Legal and expert : — 

Legal services 

Expert services, 

Court expenses, ...... 

Miscellaneous expenses, 

Settlements and judgments 

Relocation Central Massachusetts Railroad. 
Settlements, . • 

Total amount of construction expenditures. 



$113,352 19 $1,587,086 55 



42,928 90 



6,888 41 



$787 16 

1,159 60 

88,851 00 

7,765 00 



$396 81 
1,485 25 



37,463 80 



$1,718 96 

3,733 33 

518 00 

317,820 68 



168,164 50 



48,563 42 



39,295 86 



'823,790 97 
12,597 39 



. $2,174,498 19 



$3,423,629 47 $18,511,151 42 

136,980 23 
67,917 07 
67,412 97 



$1,130 67 

1,635 08 

10,239 59 

880,867 82 

88,698 60 



$3,774 98 

19,339 69 

19,105 69 

1,222 63 

917,350 00 

218,358 91 



$1,878 89 

4,369 61 

8,733 38 

1,470 94 

14,330,440 78 



8,695,889 74 



482,571 76 



1,179,151 90 



14,841,893 56 

177,597 89 
$38,388,255 76 



General Character of Expenditures. 



For the Year ending 
December 31, 1904. 



Maintenance and Operation of Works. 
Administration : — 

Commissioners, 

Secretary, auditor and assistants, 

Postage, printing, stationery and other supplies. 

Travelling, 

Telephone, heating, lighting i^id care of building. 
Alterations and repairs of building, . . . 1 . 

Rent and taxes, office building 

Miscellaneous expenses, 

Amount carried forward, 



$3,500 00 
3,767 67 
1,496 92 
120 31 
322 90 
151 68 
150 00 
168 65 



$9,673 13 



40 



METROPOLITAN WATER 



[Pub. Doc. 



Okhkral Ciiaiuctir or EzraiiDiTURKt. 



DMembM* n, MM. 



Amount brought /orwardt 

Maintihahck ahd Opiiutioh or Works— Cbn. 
Soptrrlston and geiMral soperlDtMKlaDee : — 

Chief anglDeer and departoMDt eogloMri, 

EoglDMring aod clerical aMiaUnta, 

Poatafe, printing, atatiooary and ofBce anppllea, 

Talapbone, lieaUng, lighting and eara of offleaa 

Trayelling and incidental azpenMa, 

Alterationa and repalra of bnildinga, 

Rent and taxea, main office, 

Miaeellaneona expenaea 

Pumping aenriee : — 

Labor, 

Fael, 

Oil, waate and packing, 

Repalra and renewals, 

Small sappliea and expenses, 

Rent, West Roxbary pumping station, 

Soperintendents and aasiitant superintendents, 

Engineering aaaistants, 

Laboratory force, 

Sanitary inspectors, 

Recording and scientidc instruments and supplies, 

Labor and teaming, 

Tools, machinery and appliances 

Lumber and hardware supplies 

Jobbing and repairing, 

Travelling 

Horses, vehicles and stable expenses 

Fuel, lighting and telephone, 

Municipal and corporation work, 

Unclassified supplies 

Miscellaneous expenses, 

Conveyancer and assistants, 

Taxes and tax equivalents, 

Contracts and agreements 

Contracts for pipes, valves, etc., bought from construction work since 

January 1, 1004, 

Total expenditures for maintenance and operation, .... 



t9,ert IS 



9,m9t 

8.001 M 

no M 

1,000 10 

1,840 04 

840 41 

400 00 

400 04 

40,100 80 

80,847 01 

1,284 08 

8a 00 

2,400 17 

770 62 

8,888 00 

18,218 21 

1,884 02 

2,770 92 

001 70 

107,008 81 

2,710 16 

8,248 70 

1.002 71 
5,224 41 
6,201 08 
8,078 62 

86 60 

11,180 66 

2,318 98 

660 00 

20,764 06 

956 00 

1,729 27 



$316,780 81 



(ft) Receipts. 

The total amount of receipts from rents, sales of property, etc., 
for the year beginning January 1, 1904, and ending December 31, 
1904, is $53,132.95, and the total amount from the time of the 
organization of the Metropolitan Water Board, July 19, 1895, to 
December 31, 1904, is $392,652.84. . The general chamcter of these 
receipts is as follows : — 
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General Character of Receipts. 


For the Year ending 
December 81, 1004. 


From Beginning of Work 
to December 81, 1904. 


For diBtribntion back to District : — 

District entrance fees, 

Sapplying water outside of District, . 
Water famished to water companies, . 


$19,818 70 
767 80 


$92,266 00 

61,666 84 

86,704 08 
$180,626 87 

$19,686 48 

76,984 87 

, ...... . 06 670 86 


To the credit of the loan f and : — 
Real estate and buildings, .... 
Labor, tools, supplies and reimbursements, 


$4,822 22 

16,771 88 
20,698 60 

$6,846 18 
4.606 48 
1.920 19 

— 19 Attf Rfi 


To tbe credit of the sinking fund : — 
Forfeiture for contracts awarded but not 

executed, 

Bents, 

Land products, 

Unclassified receipts and interest. 


$600 00 

81,948 16 

81,696 87 

2,816 60 

116 166 12 








ToUl receipts, 


$63,132 96 


$892,662 84 



The foregoing receipts have been credited to the various objects 
or works, as follows : — 



Receipts from Different Works. 



For the Year ending 
December 81, 1904. 



From Beginning of Work 
to December 81, 1904. 



Distribution back to District : — 

Admission into Metropolitan Water District 
(Qaincy, Nahant, Arlington, Stoneham, 
Milton and Lexington), .... 

Supplying water to cities and towns outside 
of Water District CSwampscott, Lexington 
and Cambridge), 

Water famished to water companies, . 

Construction and acquisition of works : — 

Administration, 

WachusettDam 

Wachasett Reservoir, 

Wachusett Aqaedact, 

Weston Aqueduct, . . . . . 
Sudbury Reservoir and watershed. 

Distribution system, 

Diversion of water, Clinton sewerage system, 
Purchase of existing water works, 

Maintenance and operation of works : — 

Wachasett Aqueduct, 

Wachusett Reservoir, 

Sudbury system, 

Distribution system, 

Clinton sewerage system, .... 

Total receipts, 



$19,318 70 
757 80 



$12 40 

7,426 07 

2,131 82 

19 60 

11,669 48 

634 18 

1,365 53 



$617 67 
6,310 67 
1,268 84 
2,883 01 
677 18 



$20,076 50 



23,059 08 



9,997 37 



$53,132 06 



$92,266 00 



61,656 84 
36,704 03 



$13 16 
4,897 09 
104,138 25 
5,204 70 
4,313 74 
7,274 76 
64,701 74 
1,191 09 
8,591 02 



$3,060 61 
5,810 67 
6,856 93 
4,279 78 
2,193 44 



$180,626 87 



190,326 64 



21,701 48 



$392,662 84 
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(r) AMsefM. 

The follo\vin»: is an ab^ti-act of the assets of the Water Works, 
a complete schedule of which is kept on tile in the office of the 
Board : — 

Office furniture, fixtures and supplies ; engineering and acientific instruments and 
supplies ; police supplies ; horses, vehicles, Held machinery, etc. ; machinery, 
tools and other appliances and supplies; real estate connected with works 
not completed ; completed works, including real estate and buildings con- 
nected therewith. 

((/) Liabilities, 

There are liabilities as follows : — 

Current bills unpaid, f 11,796 81* 

Due on monthly pay rolls, 3,586 61 

• 15,383 32 

Amounts reserved on Monthly Estimates, not due until Completion of 

Contracts or until Claims are settled. 



Name. ' Work. 



Amount. 



McArthar Bros. Co., . .' Wachasett Dam, 

Bnsoh Bros., . . . j Building road, Wacha«ett Reservoir, 

Brano, Salomone & Petitti, . ! Wachusett Reservoir, Sect. 10, 

John F. Magee & Co., . . , South Dike 

Oonnery & Wentworth, . | Superstructure of the lower gate chamber, Wachusett Dam, 
F. A. McOauliff, . . . ; Mlasonry arch bridge at West Boylston, 



McArthnr Bros. Co., 
Winston & Co., . 



Relocation Central Massachusetts Railroad, Sect. 2, 
Weston Aqueduct, Sects. 8 and 10, . 



$30,000 00 

000 00 

S5,000 00 

ao,s» a 

18,09S 80 

1,982 81 

10,000 00 

147 48 



#108,868 16 



Amounts have been agreed upon in the following cases, but the 
deeds have not yet passed : — 

Winthrop Parker et aZ., trustees, $425 ; Martha E. Prescott, estate 
of, $400 ; Edmund F. Brigham et als., $400 ; Bertram A. Bancroft, 
$115; Lucy White, $250; Pratt & Inman, $48; Charles F. C. 
Henderson, $800 ; Kayajan Serabian, $130 ; Anna M. Bennett, 
$1(50; P. Arvid Lundgren, $745 ; Walter E. Reeves, $845. 

On the claims of the following it is impossible to state the 
amounts due for land damages and water rights, as no sums have 
been agreed upon, and suits are now pending in the courts for the 
determination of most of them : — 

* Miscellaneous current bills of 1904, Including those coming in from time to time, after January 1, 
1005, have since been paid. 
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Charles L. Johnson, Charles B. Sawin, city of Maiden, balance, 
city of Medford, balance, city of Melrose, balance, Emory A. Bacon, 
James Dorr, Framingham Water Company, Charles W. Felt, town 
of West Boylston, Eliza M. Childs et aL, Charles J. Paine, George 
H. Thompson, Benjamin W. Clemmons, town of Framingham, 
Henry S. Milton et aZ., trustees, Marion Preston, George A. Ward 
€t al.y Edward Dooley, Harry Dutton et al.^ Charles A. Warren, 
Ida M. Tay, William Dwyer. 

V. SEWERAGE WORKS — CONSTRUCTION. 

The Metropolitan Sewerage Works provide for the sewage of 
areas amounting to 193 square miles, including the whole or parts 
of 25 cities and towns in the Metropolitan District. The works are 
embraced in two systems : the North Metropolitan System, which 
provides for the district situated largely in the Charles River and 
Mystic River valleys, lying north of the Charles River, and whose 
sewage is carried to Deer Island and thence emptied into Boston 
harbor; and the South Metropolitan System, which provides for the 
sewage of the portion of the Charles River valley lying south of the 
Charles River, as well as the city of Waltham and the town of 
Watertown, situated on the north side of the river, and also for a 
portion of the Neponset River valley and the city of Quincy, and 
having its outlet, by the recently completed High-level Sewer, also 
into Boston harbor. 

Within these areas have been laid 95.55 miles of main sewers, 87 
miles of which were constructed by the Metropolitan boards, and 
8.79 miles were purchased from the cities and towns. These areas 
remain the same as last year, and are more particularly described in 
the report of the Engineer of the Sewerage Works, which follows. 

The amount expended during the past year on account of the 
Sewerage Works was $829,941.92, of which $184,655.82 was ex- 
pended on the North Metropolitan System and $645,286.10 on the 
South Metropolitan System. 

The total cost of the Metropolitan sewers, including 6 pumping 
stations and other structures used in connection therewith, has been 
$13,666,832.38; and of this total there is charged to the North 
Metropolitan System $6,086,569.91, and to the South Metropolitan 
System $7,580,262.47. 
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(1) XouTii Mktkoi-outan System. 

The extension of the North M(*troi)olitan Sewer through the city 
of Chelsea to the town of Revere, and the (extension of the Gani- 
bridge branch of the sewer to thr town of liehnont, both begun in 
the year 11)03, have been const iiicttHl, and all sewers so far author- 
ized upon this system have been completed. 

Owing to peculiar difficulties in the construction of the Revere 
extension, resulting from tin* presence of quicksand, the peculiar 
clay and silt formation in the tunnels, and the necessity of crossing 
Mill Creek, it was deemed expedient to proceed with the construc- 
tion of the sewer by day labor. This sewer has a total length of 
7,312 feet, with substantial diameters of ly-l and 48 inches except at 
the Mill Creek crossing, where 3U-inch cast-iron pipes have been 
laid. The total cost of the sewer was $214,451.71. This extension 
was completed and opened for service on October 8. 

The sewer built through portions of the city of Cambridge to the 
town of Belmont was completed under contmct, on July 20. It has 
a length of (>,358 feet, and, though built in sections somewhat dif- 
ferent from each other, has a substantial diameter of 25 inches. The 
expenditures for this sewer to date have amounted to $56,550.69. 
There are remaining unpaid some small claims for land damages. 

(2) South Metkoi»olitan System. 

The work of construction on the South Metropolitan System has 
consisted principally of the completion of the High-level Sewer. 
The sewer proper had been chiefly built before the beginning of the 
year, and considemble progress had been made in the erection of the 
necessary structures. During the year the larger portion of one of 
the two outfall pipes in the harbor, which remained to be placed, 
has been laid ; the superstructure of the screen-chamber and sand- 
catcher on Xut Island has been erected ; the Ward Street pumping 
station has been finished, and the pumps, engines and boilers have 
been installed ; the necessary connections between the High-level 
Sewer and the Charles River valley and the Xeponset valley sewers 
have been made ; and the various unfinished portions of the sewer 
have been completed. 

The Ward Street pumping station was put in opemtion and the 
High-level Sewer w^as opened for service on October 14, since Tvhich 
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date the sewage from the portion of the Charles River valley above 
Vancouver Street has been pumped and discharged through the 
sewer from the outfall into the harbor. 

Connection was made with the Neponset River valley sewer, at 
the junction of the sewers in Hyde Park, on November 22, and 
since that date the sewage from the Neponset River valley system 
above that point has also been discharged through the High-level 
Sewer. 

But little more remains to be done for the entire completion of 
the High-level Sewer. The chief work required is the laying of a 
force main in Qaincy, for the purpose of connecting the Quincy 
pumping station with the sewer ; and this work will be begun as 
early as practicable in the coming season and will probably be per- 
formed by the employes in the maintenance department. Until this 
is finished the sewage from that station will continue to be disposed 
of through the Moon Island outfall of the city of Boston. 

The final grading of the grounds about the Ward Street station 
and also about the screen-chamber at Nut Island has necessarily 
been deferred until the coming season. 

A small portion of the territory in the Back Bay district of Bos- 
ton, situated below Vancouver Street, is still unconnected with the 
High-level Sewer ; and the making of this connection is awaiting 
arrangements which may be effected with the city of Boston for the 
mutual advantage of that city and of the Commonwealth, which 
will probably be determined early in the coming year. It is not 
proposed at present to discharge the sewage of small portions of 
Dorchester and Milton, included in the Neponset valley system with 
the High-level Sewer, as the areas are too low for sewage to be 
delivered into the High-level Sewer without pumping. Satisfac- 
tory arrangements for the disposal of the sewage of these small 
sections, which are not provided for by the High-level Sewer, have 
been made with the city of Boston. 

The expenditures for the High-level Sewer up to the present 
date have been $5,876,751.94. The appropriations for the sewer 
amounted to $5,981,000. The work to be done, which is com- 
paratively small in amount, will undoubtedly be accomplished 
within the appropriations. 

The High-level Sewer, which has now been substantially com- 
pleted, extends from near Ward Street in the city of Boston through 
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portions of that viiy and tlir(iu<rli the towns of Ilydc Park and Mil- 
ton and the citv of Quinrv to Nut IsLind, a distance of 1C.83 miles. 
Of the total lcn;rth, \'2.1'i inih'.s are Ci>nstru(*ted in o{)cn trench and 
4.08 miles in tunnel. From Nut Island the sewajre is conveyed 
through two submarine <)()-inch east-iron pipes to points in the har- 
bor, each a little more than one mile beyond the low-water mark, 
where outfalls have been Imilt. The sewer has a cai)acity for the 
daily dischartre of ;U)0,O()(),()no gallons of sewage. 

Nut Island has been graded, and the soil remove<l was used prin- 
cipally in the construction of the (>mbankment upon the bar con- 
necting Nut Island with Ilouglfs Neck in (juincy. A building, 
principally of brick, about 7^< feet h)ng, <»0 feet wide and 40 feet in 
height, with a chimney 100 feet hi<rh, has been built u])on the island. 
This l)uilding embnices a screen-chamber, where practically all the 
objectionable solid matters in the sewage will be intercepted, and a 
boiler room with boilers, which will provide the necessary steam for 
heating the building and operating the small engines for moving 
the screens. Approaching the building the sewer section has been 
considerably enlarged, so as to deposit sand which toUows along 
the sewer. The solid matters intercepted at the screens will be 
burned in the boilers, and the arrangements are such that the 
sand may be removed from the sand-catcher before entering the 
outfall pipes. 

The Ward Street pumping station includes an engine house about 
65 by 120 feet, and a boiler room and accessories about 38 by 105 
feet. The height of the engine house is about 55 feet. It is con- 
structed of brick, with gi-anite trimmings. Two pumping engines 
have been installed, each having a daily capacity for pumping 
50,000,000 gallons. The station is also equipped with the neces- 
sary boilers, screens and other machinery. 

(3) Purchases and Takings of Land. 

Only one taking, required for the purpose of the Quinc}'^ force 
main, has been made for the Metropolitan Sewerage Works during 
the year, being of easements in l.(i8 acres, of which .89 acre was 
in a street. 
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List of Takings for Metropolitan Sewerage Works for the Tear 1904. 



No. 


Location and Desobiption. 


Former Owners. 


Recorded. 


Purpose of Taking. 


11 


Quinoy (from Ore«nleaf Street north- 
erly through Park Lane to the east- 
erly line of the Metropolitan Park 
ReBervaiion, then from the westerly 
line of the Reservation through 
Merry mount Park, to the Quincy 
pumping station). Area, easements 
in ] .68 acres. 


City of Quincy et al. 


1904. 

Jan. 27. 


High-level Sewer 
(Quinoy force main). 



Since January 1, 1904, settlements have been effected on account 
of the takings made in the North Metropolitan District in three 
cases, involving a payment of $1,550; and in cases in the South 
Metropolitan District two settlements have been effected, under 
which payments have been made amounting to $4,398.22. 

Summary of Land Settlements for the Year 1904. 



Location. 



Area in 
Acres. 



Number of 
Settlements. 



Pa3^ments. 



North Metropolitan District. 
Cambridge, 



Total, . 



Quincy, 
Total, 



South Metropolitan District. 



Aggregate, . 



0.266 


3 


0.266 


3 


0.865 


2 


0.865 


2 


1.121 


5 



f 1,650 CO 
11,550 00 



f 4,398 22 

f 4,398 22 

6,948 22 



VI. SEWERAGE WORKS — MAINTENANCE. 
(1) North Metropolitan System. 

The maintenance of the North Metropolitan System involves the 
care of 58.004 miles of Metropolitan main sewers, into which is 
received the sewage of the different municipalities of the District 
through 558.18 miles of local sewers, having 58,987 connections. 
There are maintained for this system four pumping stations, — the 
Ale wife Brook pumping station at Somerville, the Oharlestown 
pumping station, the East Boston pumping station and the Deer 
Island pumping station. The total number of gallons of sewage 
pumped during the year has been 53,739,119,000. The population 
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of the various municipalities and part.s of nniniripalitied embraced in 
the North Metropolitim District is i'8timatt»d at 194,500, of which it 
Is estimated that a population of .'iH7,:S27 is directly contributing 
sewa<r('. The sewers in 12 of the nmnici|)alitie4 aiv separate sewen, 
in 5 municii)alities seiuinite and combined sewers, and in one munic- 
ipality combined sewers only. 

The aveni<re cost of pumping per million gallons raised 1 foot, 
including labor at the screens, was $0.;M1» at the Alewife Brook sta- 
tion, $0,151) at the Charlestown sUition, $0.0<>r> at the East Boston 
station and $0.01)1 at the Deer Island .station. 

During the i>ast year the wharf at Deer Island lias been largely 
renewed, the water pipes at the station have been extended so as to 
provide additional fire protection for the dwelling houses and lock- 
ers, and considerable riprap has been deposited on the Deer Island 
bar over the line of the outfall sewer. Considerable repairs have 
been required at the ends of the Maiden River siphon and in the em- 
bankment across the marsh. Necessary changes have been made bj 
which the old Mystic valley sewer in Winchester has been relieved. 

The expenditures for maintenance of the North Metropolitan Sys- 
tem for the year have amounted to $112,047.98. 

(2) South Metropolitan' System. 

The Metropolitan sewers in the South Metropolitan System have 
a total length of 37.548 miles, and these receive the selvage of the 
District tlirough 406.32 miles of local sewei-s, having 20,117 con- 
nections. 

The Ward Street pumping station, the Quincy pumping station 
and the screen-house and sand-catcher at Nut Island are also main- 
tained for this system. The number of gallons of sewage pumped 
during the year at the Quincy pumping station has been 1,338,- 
810,000, and at the Ward Street pumping station, from October 14 
to the end of the year, 1,002,900,000. The population of the 
various municipalities and parts of municipalities embraced in the 
South Metropolitan District is estimated at 318,300, and of this 
population it is estimated that 147,761 are now directly contributing 
sewage. Of the municipalities in the District, 7 have separate sewers 
and 5 separate and combined sewers. 

The average cost of pumping per million gallons raised 1 foot, 
including labor at the screens, was $0,151 at the Quincy station. 
Owing to the short time during which the AVard Street station has 
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been in operation, the statistics regarding the cost of pumping at this 
station are not available. 

Considerable work will be required jfrom the maintenance depart- 
ment on account of the recent completion of the High-level Sewer, 
the Ward Street pumping station and the screen-house at Nut Island, 
in equipping these works for regular operation. 

The sum of $139,640.88 has been expended during the year for 
the maintenance of the South Metropolitan System. 

VII. SEWERAGE WORKS — FINANCIAL STATEMENT. 

(1) Construction Loans and Receipts. 

The appropriations for the construction of the Metropolitan 
Sewerage Works, the receipts which are added to the appropriations, 
and the expenditures for construction, have been as follows : — 

(a) North Metropolitan System. 

Appropriations under various acts of the Legislature (given in 

detail in report for the year 1901), f 5,606,866 73 

Appropriations under chapters 242, 336 and 399, Acts of 1903, . 600,000 00 
Proceeds from sales of property and from other sources to Decem- 
ber 31, 1904, .• 17,023 63 



16,122,889 26 
Amount approved by the Metropolitan Sewerage Commission and 

the Metropolitan Water and Sewerage Board for payment to 

December 31, 1904 (of which $184,655.82 is for the year 1904), . 6,086,^69 91 

Balance, North Metropolitan System, January 1, 1905, . . f 36,319 36 

(6) South Metropolitan System, 

Charles River Valley Sewer, 

Appropriations under the Acts of the years 1889 and 

1900, - f800,046 27 

Amount approved by the Metropolitan Sewerage 

Commission for payment to December 31, 1904, . f 800,046 27 

Neponset River Valley Sewer, 

Appropriations under various acts of the Legislature 

(given in detailin report for the year 1901),. . - 900,000 00 

Appropriation, chapter 315, Acts of 1903, ... - 4,000 00 

Proceeds from pumping ground water, ... - 109 60 

Amount approved by the Metropolitan Sewerage 

Commission and the Metropolitan Water and 

Sewerage Board for payment to December 31, 1904 

(of which 1160 is for the year 1904), . . . 903,464 26 
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High-level Sewer, 

Appropriation under chapter 424 of the Acts of 1899, 
original loan, 

Appropriation, chapter 856 of the Acta of 1903, 

Appropriations, chapters 230 and 240 of the Acts of 
1904 

Proceeds from sales of property to December 31, 1904 
(of which 12,722.68 is for the year 1904), 



Amount approved by the Metropolitan Sewerage 
Commission and the Metropolitan Water and 
Sewerage Board for payment to December 31, 1904 
(of which 1645,136.10 is for the year 1904), . . f5376,751 94 

Balance South Metropolitan System, January 1, 



- $4,600,000 00 
996,000 00 



892,000 00 

5368 49 
f 7,698,024 36 



7^80,262 47 



$117,761 79 



(c) Mefroj)olifan Seiveratje Loans Sinking Fund. 

Under authority of chapter 122 of the Acts of 1899, and section 
14 of chapter 424 of the Acts of 1899, the Treasurer of the Com- 
monwealth was required to consolidate the sinking funds of all the 
Metropolitan sewerage loans into one fund, to be known as the 
Metropolitan Sewerage Loans Sinking Fund. 

The sinking fund as thus established has amounted at the end of 
each year to sums as follows : — 



December 31, 1899, 
December 81, 1900, 
December 31, 1901, 



1361,416 59 
464,620 57 
645,668 26 



December 31, 1902, 
December 31, 1903, 
December 31, 1904, 



636,084 04 
764,690 41 
878,557 12 



(2) Annual ArpROPRiAxioxs and Receipts. 

The annual appropriations for the maintenance of the Metropoli- 
tan Sewerage Works, the receipts of the Board which are added to 
the appropriations for maintenance, and the expenditures for main- 
tenance for the year ending December 31, 1904, have been as 

follows : — 

North Metropolitan System, 

Balance January 1, 1904, f 9,777 58 

Appropriation under chapter 62 of the Acts of 1904, . . . 128,000 00 
Receipts from pumping and from other sources, .... 863 62 



1133,641 20 
Amount approved by the Board for payment, 112,047 98 



Balance January 1, 1905, f 21,593 22 



* WW 
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South Metropolitan System. 

Balance January 1. 1904, |5,022 06 

Appropriation under chapter 60 of the Acts of 1904, . . 136,000 00 

Receipts from sales of property and from pumping, ... 29 30 

f 140,061 36 
Amount approved by the Board for payment, 139,640 88 

Balance January 1. 1906, |410 48 

The Board has also received, from rentals and from other sources, 
to be applied by the Treasurer of the Commonwealth to the Metro- 
politan Sewerage Loans Sinking Fund requirements, $75. 



(3) Annual Assessments. 

The amounts assessed by the State Treasurer upon the cities and 
towns of the Metropolitan Sewerage Districts, to meet interest and 
sinking fond requirements and to defray the cost of maintenance 
and operation of works, in accordance with the ratios determined 
by the apportionment commissioners appointed under chapter 439 
of the Acts of the year 1889 and chapter 424 of the Acts of the 
year 1899,* are as follows : — 



North Metropolitan Sewerage System, 



Arlington, 


f8,091 81 


Somerville, 


150,404 54 


Belmont, . 


4.642 06 


Stoneham, 


4.962 06 


Boston, . 


64,732 13 


Wakefield, . 


7,652 70 


Cambridge, 


86,891 68 


Winchester, . 


7,730 03 


Chelsea, . 


24,449 79 


Winthrop, 


5,991 95 


Everett, . 


18,355 96 


Woburn, . 


10.712 66 


Lexington, 


2,483 43 


Revere. . 


9,301 51 


"\falden 


28,884 84 
17.918 64 






Medford, . . . . 


Total, 


. f 364,949 84 


Melrose. . . . . 


11,744 15 






So 


uth Metropolitan Sewerage System, 




Boston, . . . . 


fl54,201 46 


Quincy, . 


. $24,698 31 


Brookline, 


53,933 77 


Waltham, 


25,189 36 


Dedham,t 


8.890 48 


Watertown, . 


11,114 29 


Hyde Park, . 

Milton, . . . . 


13.472 36 
16,574 30 






Total, 


. f 360,696 29 


Newton, . . . . 


52,621 96 







* Given In previous reports. 



t Exclusive of Westwood. 
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(4) KXI'BXIHTIRES M>Il THK DiPFKIlENT WoRKH. 

The folloHiii;r U a suiiiniary of thv <-xpcnditurc8 made in the 
various oiKsnitioiia for the different works : — 
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Matntxnancb. 


For Year ending 
December 81, 1904. 


From Beginning 

of Work to 

December 31, 1904. 


North Metropolitan System, . . 

Sooth Metropolitan System, 


$118,047 08 
180,040 88 


$805,262 40 
790,280 27 


Total for maintenance, hoth systems, 


$251,688 86 


$1,685,542 67 



(5) Detailed Financial Statement. 

The Board herewith presents, in accordance with the Metropolitan 

Sewerage Acts, an abstract of the expenditures and disbursements, 

receipts, assets and liabilities for the year ending December 31, 

1904 : — 

(a) Expenditures and Disbursements. 



Obmeral Charaotbs of Expbwditubbs. 



For Year ending 

December 31, 

1904. 



North Metropolitan System — Construction, 

Commissioners, 

Secretary, engineer and auditor, 

Clerical services, 

Rent of office, Ashburton Place, 

Engineering supplies, 

Office supplies, 

Engineers, inspectors, rodmen, laborers and others, . 
Postage, telephone and tele^ams, . . . . 
Books, maps, plans, blue prints and photography. 
Carriage hire and travelling expenses, 

Teaming and express, 

Tools and repairs of same, 

Brick, cement, lumber and other field supplies, . 
Contracts : — 

Jones & Meehan, old, 

Revere Extension : — 

Mayo Contracting Co., Sects. 61 and 62, 

Charles A. Haskin, Sects. 61 and 62, . 
Belmont Extension : — 

6ow & Palmer, Sect. 63, 

Land takings, purchase and recording, .... 
Experts and appraisers, 

Total, 

Neponset River Valley Sewer — Construction. 
Contracts : — 

Edw. W. Everson, old, 

Brookline branch : — 
Experts and appraisers, 

Total, 



(1,166 66 
595 83 
746 83 
600 00 
134 41 
148 71 

62,523 28 
419 40 
38 95 
366 88 
197 95 
201 09 

43,346 71 

82 00 

9,400 07 
37,191 68 

20,276 80 

7,219 72 

56 00 



1184,655 82 



150 00 
100 00 



(150 00 
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JJigh-Uvel Sewer — Construction. 

Commissionors, 

Secretary, engineer and auditor, 

Clerical services, 

Engineers, inspectors, rodmen, laborers and others, . 

Advertising, 

Office supplies, 

Postage, telephone and tele<^rams, 

Books, maps, plans, blue prints and photography, 

Engineering instruments and repairs of same, 

Engineering supplies, 

Carriage hire and travelling expenses. 

Repairs, fittings and supplies, main office, . 

Rent of office, Pemberton Building, .... 

Rent of office, Ashburton Place, 

Rent of wharf, Quincy, 

Teaming and express, 

Brick, cement, lumber and other field supplies, . 

Tools and repairs of same, 

Contracts : — 

Hiram W. Phillips, Sect. 43 

Camden Iron Works, Sect. 43, 

Edward Kendall & Sons, Sect. 44, . 

Lockwood Manufacturing Co., Sect. 44, . 

Wm. H. Ellis, Sect. 44 

Woodbury & Leighton Co , Sect. 44, . 

Wm. H. Ellis, Sect. 46, 

Chas G. Belden & Co., Sect. 48, .... 

Joseph J. Moebs, Sect. 48, 

Chas. G Belden & Co., Sect. 49, .... 

E. W. Everson & Co , Sect. 62, 

H. P. Nawn, Sect. 73 (part), 

E. W. Everson & Co., Sect. 75 (part), 

H. P. Nawn, Sect. 76, 

L. P. Soule & Son, Sect. 77, building, 

Allis-Chalmers Co., Sect. 77, pumps, 

Lockwood Manufacturing Co., Sect. 77, . 

Camden Iron Works, Quincy force main, . 
Land takings, purchase and recording, .... 

Experts and appraisers, 

Legal services, 

Claims and allowances on contracts, .... 

Total, 

North Metropolitan System — Maintenance. 
Administration : — 
Commissioners, secretary, auditor and assistants, 
Postage, printing, stationery and office supplies. 
Rent, telephone, heating, lighting and care of offices, 
Miscellaneous expenses, 

Amount carried forward^ 



f 1,166 67 

3,512 49 

1,296 83 

49,224 60 

13 68 

150 07 

439 17 
199 32 

5 50 

440 31 
1,218 99 

699 94 
2,812 fiO 

486 40 

1,000 00 

1,127 28 

48,590 02 

1,108 79 

94,716 96 

56,091 28 

6,315 00 

10,932 70 

33,605 77 

28,440 00 

4,922 53 

39,748 85 

7,113 55 

4312 58 

100 00 

604 12 

2,648 88 

7,991 23 

57375 15 

153,000 00 

9313 20 

7,291 67 

4369 50 

960 00 

200 72 

6,250 00 



(645,136 10 



$2,507 85 

27 18 

279 09 

666 44 



(3,480 56 
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Oenssal Chabacteb of Expenditures. 



For Year ending 

December 31, 

1904. 



Amount brought forward^ 

North Metropolitan System — Maintenance — Concluded. 

General superintendence : — 

Engineer and assistants, . . . . . 
Postage, printing, stationery and office supplies, 
Kent, telephone, heating, lighting and care of offices, 
Miscellaneous expenses, . 

Deer Island pumping station : — 

i^aoor, • • • • . . ••• • 

Oil and waste, 

Water, 

Packing, 

Repairs and renewals, 

Telephones and office supplies, 

Care and repairs of building and grounds, electric light plant 

and miscellaneous expenses, 

East Boston pumping station : — 

Labor, 

Coal 

Oil and waste, 

Water, 

Packing, 

Repairs and renewals, 

Telephones and office supplies, 

Care and repairs of building and grounds, electric light plant 

and miscellaneous expenses, 

Charlestown pumping station : — 

Labor, 

Coal 

Oil and waste, 

Water, 

Packing, 

Repairs and renewals, 

Telephones and office supplies, 

Care and repairs of building and grounds, electric light plant 

and miscellaneous expenses, 

Alewif e Brook pumping station : — 

Labor, 

Coal, 

Oil and waste, 

Water, 

Packing, 

Repairs and renewals, . . ... 

Telephones and office supplies, 

Care and repairs of building and grounds, electric light plant 

and miscellaneous expenses, 

Sewer lines, labor, 

Supplies and expenses, 

Horses, vehicles and stable account, 

Total, 



13,480 56 



4,110 12 


83 31 


476 20 


292 56 


11,296 50 


8,863 16 


444 42 


1,209 60 


72 80 


436 94 


337 66 


3,388 94 


10,481 68 


9,248 14 


335 04 


940 80 


11 78 


312 99 


303 87 


2,751 76 


10,326 04 


4,103 91 


329 87 


410 40 


76 77 


235 92 


317 46 


2,263 72 


3,346 13 


1,705 61 


124 75 


242 40 


19 77 


216 56 


160 87 


808 24 


17,512 86 


6,768 84 


4,199 58 


$112,047 98 
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OBVBIAL CiIABACTKR of EXPXKDITUKt*. 



For Tflftr ending 
SI, 
IMi. 



South Metropolitan System — Maihtenance, 
Administration : — 

Commissioners, secretary, auditor and assistants. 

Postage, printing, stationery and office supplies. 

Rent, telephone, heating, lighting and care of bailding, . 

Miscellaneoas expenses, 

General superintendence : — 

Engin^r and assistants, 

Postage, printing, stationery and office supplies. 

Rent, telephone, heating, lighting and care of offices. 

Miscellaneous expenses, 

Sewer lines, labor, 

Supplies and expenses, 

City of Boston, for pumping and interest, .... 
Quincy pumping station : — 

Labor, 

Coal, 

Oil and waste, 

Water, 

Packing, 

Repairs and renewals, 

Telephones and office supplies, 

Care and repairs of building and grounds, lighting and mis- 
cellaneous expenses, 

CitT of Boston, for discharge of sewage, 

Ward Street pumping station : — 

Labor, 

Coal 

Oil and waste, 

Water, 

Packing, 

Repairs and renewals, 

Telephones and office supplies, 

Care of building and grounds, lighting and miscellaneous ex- 
penses, 

Nut Island screen-house : — 

Labor, 

Coal, 

Oil and waste, 

Packing, 

Telephones and office supplies, 

Care of building and grounds, lighting and miscellaneous ex- 
penses, 

Horses, vehicles and stable account, 

Total 



12,918 67 

105 47 

1,003 46 

680 41 

2,188 57 

46 43 

1,064 37 

17 50 

14,192 35 

6,301 68 

85,196 24 

3,887 42 

2,461 89 

44 60 

248 70 

39 84 

241 13 

228 06 

848 61 
1,000 00 

4,794 89 

2,139 34 

402 69 

126 00 

103 48 

70 76 

97 13 

2,520 47 

1,180 74 

1,036 50 

31 60 

15 75 

168 99 

1,229 31 
8,517 83 



(139,640 88 



(b) Receipts. 

The receipts from the sales of property, from rents and from other 
sources, have been credited as follows : — 
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For Year ending 

December 31, 

1904. 


From Beginning of 

Worlc to December 

31, 19M. 


North Metropolitan System, — construction, 
South Metropolitan System, — construction. 
North Metropolitan System, — maintenance. 
South Metropolitan System, — maintenance. 
Metropolitan Sewerage Loans Sinking Fund, 


1496 80 

2,722 68 

863 62 

29 30 

76 00 


f 17,023 63 

6,977 99 

6,366 63 

141 86 

760 20 


Totals, 


14,187 40 


f29,269 11 



(c) Assets, 

The following is an abstract of the assets of the Sewerage Works, 
a complete schedule of which is kept on file in the office of the 
Board : — 

Office furniture, fixtures and supplies; engineering and scientific instruments 
and supplies ; horses, vehicles, field machinery, etc. ; machinery, tools and 
other appliances and supplies ; real estate connected with works not com- 
pleted ; completed works, including real estate connected therewith. 

(d) Lixibilities, 
There are liabilities as follows : — 

Current bills unpaid, 17,238 09 

Due on monthly pay rolls, . , 673 89 

f 7,9 11 98 

Amounts on Monthly Estimates^ not due until Completion of Contracts or 

until Claims are settled. 



Namb. 


Worlc. 


Amount. 


North Metropolitan Construction : — 






H. A. llanscom & Co., 


Sect. 66, held for claims, 


f 200 00 


Chas A. Haskin, .... 


Sect. 61, .... 


638 40 


Hi^h-level Sewer : — 






Lockwood Manufacturing Co., 


Sect. 43, screen machinery, . 


1,929 30 


H.W.Phillips, .... 


Sect. 43, outlet, pipe laying. 


9,706 23 


Woodbury & Leigh ton Co., . 


Sect. 44, screen-house, . 


1,600 00 


H. P. Nawn, 


Sect. 66, .... 


1.600 00 


J. W. Hu.<^tin & Co., .... 


Sect. 67, reserved for repairs, 


100 00 


E. W & J J. Everson, . 


Sect. 66 


1,000 00 


National Contracting Co., 


Sect. 73, contract abandoned. 


6,616 17 


E. W. Everson & Co., 


Sect. 76, .... 


2,000 00 


Allis -Chalmers Co., 


Sect. 77, . . 


61,000 00 


Lockwood Manufacturing Co., 


Sect. 77, .... 


1,678 80 




176,767 90 
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On the claims of the f()ll()\vin<r it is impossible to state the 
amounts due for land and other damages, as no sams have been 
agreed upon, and suits art» now pending in the courts for the deter- 
mination of most of them : — 

Holyhood C'emct(»rv Association, Mary C. f^ichorn, Clemence 
W. Hasenfus, Jackson H r//., trustees, Caroline S. Skinner, heirs of 
John Friel, Boston Elevated liailway Company, heirs of John Gil- 
more, Boston c^c Maine Kailroad, Mary Rohan, Mary E. Connolly, 
National Contract in<^ Company, Jacob M. Mason, Martin Dings, 
Bernard Duffv, Anna L. Dunican, Edward I )uff3% Joseph H. Daffy, 
Mary R. Duffy, William J. Duffy, Maurice Duffy, Bernard Duffy, 
administrator, Emma Dings, Carrie S. Urquhart, N. Jefferson 
I.^rquhart, Edwin N. Unjuhart, Mary Doherty, Mary E. Doherty, 
Richard Jones, James Doherty, Michael Niland, Fred W. Baker, 
Catherine A. Baker, Walter J. Baker, Freda E. Baker. 

VII J. CONSUMPTION OF WATER. 

The rainfall of the year was coiisidembly below the Average, but 
as this deficiency occurred entirely during the last three months of 
the year, the \'ield of the watersheds constitutins: the sources of 
supply for the District was but little below the yearly average. 

There was, however, a decided increase in the quantity of water 
consumed. The average daily rate of consumption in the cities and 
towns supplied by the Metropolitan Works during the year was 
114,87f),00() gallons, — an increase of 7,728,000 gallons over that 
of the preceding year. Although there was an increase in con- 
sumption throughout the year, the larger part of the increase 
occurred during the colder months of January, February, March 
and December. The daily rate of consumption per person was 123 
gallons, — or 4 gallons more than the rate of the preceding year. 

While the extreme cold of the winter months contributed to make 
a larger average consumption, the summer was unusually moderate 
and cool, so that there was less than the usual waste of water through 
the use of hand hose and lawn sprinklers, and the Board was called 
upon to complain of but few violations of the regulations adopted 
regarding their use. 
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IX. THE MEASUREMENT OF WATER SUPPLIED TO THE 
VARIOUS MUNICIPALITIES, AND THE INVESTIGATION 
OF UNNECESSARY AND IMPROPER USE OR WASTE. 

The measurement of the water supplied to each municipality in 
the District which the Board was, by the installation of the Venturi 
meters, enabled to make during the latter half of the preceding year, 
has been continued throughout the past year, and the results of the 
measurements are given in connection with the report of the Chief 
Engineer. 

A similar variation to that previously reported is shown in the 
consumption of water in the different municipalities of the District. 
The towns of Milton and Belmont, in which all the services are 
metered, and the city of Maiden, in which the services are about 
five-sixths metered, show a daily per capita consumption respectively 
of 41, 49 and 46 gallons. Other municipalities in which but a small 
proportion of the services are metered have much greater per capita 
consumption, the number of gallons consumed daily per capita in 
the cities of Quincy, Melrose, Chelsea and Boston being respectively 
as high as 101, 106, 113 and 143. 

The records of the Venturi meters enable the engineers and local 
authorities to detect the existence of leaks in the pipes, and to deter- 
mine the quantities of water used otherwise than for ordinary con- 
sumption. In one municipality an increase of consumption in a 
single day from 400,000 to 1,000,000 gallons was recorded. This 
increase was found to be due to a broken 8-inch pipe, causing a 
leakage which might otherwise have continued for a long time with- 
out detection. The records taken likewise disclose the fact that in 
the whole District during the extreme cold months of January and 
February of the past year, between the hours of 1 and 4 in the morn- 
ing when the necessary use of water was at a minimum, the actual 
rate of consumption for the three hours was greater than that for the 
entire day during the summer months. The results indicated an 
absolute waste in many parts of the District by reason of defective 
fixtures, or of allowing the water continually to run in order to 
avoid the freezing of the pipes. 

The Legislature of last year, in acting upon the special report of 
the Board, by the enactment of chapter 426 of the Acts of 1904, 



60 MKTKOPOLITAX WATER [Pub. Dot. 

amended the provisions of tlic Metropolitan Water Act so as to 
provide that on and after the 3'ear 100<i tbo assessments upon all 
the municipalities of the District, other than the city of Boston, 
shall be laid one-third in pro|)(>rtion to theur respective valuations 
and two-thirds in proportion to the (juantities of water respectively 
consumed by them in the precedin<r year, thereby substituting con- 
sumption as an element of ussosment, instead of population. In 
accordance, therefore, with this act, the measurements of water used 
by the cities and towns other than Boston during the current year, 
will be taken as important factors in determining the amounts of the 
assessments. 

The Board is still of the opinion that a large proi)ortion of the 
water now supplied to the District, aniounting to from one-third to 
one-half of the entire quantity afforded, is unnecessarily used or 
wasted, and that it is possible and practicable to prevent the greater 
part of such unnecessary use or waste. The means of prevention 
are largely in the hands of the local authorities. By the introduc- 
tion of meters, a rigorous inspection, and the speedy prevention of 
leakage and waste when discovered, a great reduction in consump- 
tion can be attained. It is still believed that both the municipality 
and the individual water taker can be interested in the checking of 
waste and excessive use by causing water rates to be largely de- 
pendent upon the quantity of water which is consumed. 

X. ELECTROLYSIS. 

Investigations have been continued in order to ascertain more 
definitely the extent of the injury done to the water pipes by the 
underground electric currents, and for the purpose of devising 
means by which such injurious effects may be overcome or largely 
reduced. 

The most serious effects of the electric current upon the pipes have 
been found, as heretofore, in the vicinity of the power stations of 
the different electric railway companies. In one instance the iron 
of the pipe was so pitted and decomposed as to render hazardous its 
longer continuance, and the water main for a distance of 539 feet 
was relaid. Pipes have been uncovered and examined at various 
other points, but in this place only had the deterioration proceeded 
so far as to make necessary the immediate relaying of the pipe. 

Experiments which have been made in applying to the pipes 
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affected an insulating covering of asphalt and burlap have not 
seemed to be successful. Some success has attended the installa- 
tion of insulating joints in pipes which have been particularly 
affected, but the observations have not been carried far enough to 
determine to what extent the application of insulating joints will 
cause a reduction of electrolytic action. 

The legal proceedings which have been begun to reimburse and 
to protect the Commonwealth on account of such injuries have been 
delayed to await further the results of the experiments, in which the 
Board has been willing to cooperate with the railway corporations. 

XI. FUTURE EXTENSION OF THE HIGH-LEVEL SEWER TO 
BROOKLINE, BRIGHTON AND NEWTON. 

The Board was authorized, by chapter 230 of the Acts of the year 
1904, " to determine the location, elevation and size of the high-level 
metropolitan sewer above the point where the sewage from the Charles 
river valley is to be received," and a special appropriation for this 
purpose, to the amount of $7,000,^ was made. This act called upon 
the Board to make the proper surveys and investigations necessary 
to fix the location of this extension. The proposed extension begins 
at a point near Jamaica Pond in West Roxbury and proceeds north- 
westerly to the town of Brookline, then continues in the same gen- 
eral direction through that town to the Brighton line, and thence in 
a general westerly direction through Brighton and the city of New- 
ton, to the Charles River. 

The High-level Sewer, designed to receive only separate sewage, 
which extends from the connection with the Charles River valley 
system in the vicinity of the Ward Street pumping station in Rox- 
bury to Nut Island and Boston harbor, was built under the provisions 
of chapter 424 of the Acts of the year 1899, in accordance with the 
recommendations made by the Metropolitan Sewerage Commission 
in its special report of that year upon the subject. It was stated 
that the Charles River valley sewer as then already constructed 
would probably be suflScient for a number of years to provide for 
portions of Brookline, Brighton and Newton ; but it was within the 
scheme recommended that eventually an extension of the High-level 
Sewer would be required for these districts, and the location of such 
an extension was examined, and a suggested general route was traced 
upon the plans then submitted. 
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Tlic iKMOHNit V (if dolinitcly fixing the location of the local seweb 
which aro railed for hy thi- (rrowin«r population of these higher re- 
gions, i*s|K*('i:illy tlioM* wjiifh uro to be built for the separate system 
of s4*\v(*rii^o whirh will in tin* future Im reffuiFed to discharge into 
thiri extension of tlu* iIi«rh-K^vcl Srwer, (*aused the Lc^jrishiture to 
jMisH the art of Ia>t year. 

The surveys und in vesti (rations have l)cen made in accordance 
with the re(|uir('in«'nts of tlmt act, un<l ii proper location of the pro- 
posed extension lias been fixed by the Kngineer of the Sewerage 
Works and approv(*d by the lioiird. 'I'hc n»poit of the Engineer. 
sho\vin<>^ this location and the proposed elevation and size of the 
sewer, to^^ether with the estimated cost of the construction of the 
various sections of the work, is made a {rRvt of his general report to 
the Board, and is published herewith. 

The rout<' stdected for the extension starts from a point in the 
j)resent High-level Sewer in West Roxburv near Jamaica Pond, at 
the corner of Perkins and Centre streets, and, in general, proceeds 
by tunn<>l through Perkins Street, passing near Jamaica Pond and 
across the line into Brookline : then under Chestnut, Kendall and 
Cypress streets, crossin<r under Walnut Street, to near Boylston 
Street; then by open cut in a route which passes through Gorham 
Avenu(^ and Park Street, by tunnel through AVinchester Street, and 
by open cut through Columbia Street to the Brighton line. In 
Brighton the route passes by open cut through Columbia Street 
and ( -ommonwealtli Avenue, and bv tunnel under Warren and 
Caml)ridge streets and a portion of Washington Street, and con- 
tinues by open cut through Washington and Tremont streets to the 
Newton line. In Newton the route passes through Tremont Street 
and other shoi*t streets to Newton ville Avenue, thence by tunnel 
under Mt. Ida to Cabot Park, and then by tunnels and open cuts 
through Newtonville and West Newton to the Charles River at New- 
ton Lower Falls. 

The total length of the proposed location is 10.18 miles. About 
5.30 miles are in tunnel and 4.88 miles in open cut. 

Particular attention has been given to that portion of the sewer 
which extends from the junction of the High-level Sewer in West 
Roxbury through Brookline to Oak Square in Brighton. It is 
anticipated that the further extension through the city of Newton 
will not be required for a considerable period to come. 
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The portion of the sewer located in West Roxbury and Brookline 
and in Brighton to Oak Square has a length of 24,750 feet, or 4.69 
miles. Although sections at various places would differ in form, 
its size would vary from substantial diameters of about 6 feet to 7 
leet. The elevation at the highest point, at Oak Square, in Brighton, 
would be 41.13 feet above Boston City Base, and at the junction with 
the High-level Sewer, 31.5 feet above Boston City Base, or 21.5 
feet above high water in Boston harbor. 

The district which would be affected by the construction of this 
entire extension of the High-level Sewer has an area of 48.57 square 
miles, having an estimated population of 153,250. At present all 
or nearly all of the sewage of this area is contributory to the 
Charles River valley sewer, and the sewage thus received has to be 
pumped at the Ward Street station into the High-level Sewer. It 
is, however, estimated that an area of 20.26 square miles, having 
now an estimated population of 45,350, which is likely to increase 
largely in the future, can by the proposed extension be discharged 
by gravity into the High-level Sewer, and in this manner all costs 
for pumping can be saved. 

The estimated cost of the entire extension, as given by the 
Engineer, is $1,889,906 ; and the cost of that portion in West Rox- 
bury, Brookline and Brighton, which will first be required, is esti- 
mated at $1,168,928. 

It is evident that the time is fast approaching when the volume 
of sewage discharged into the Charles River valley sewer, which 
provides for the territory in question, will have reached the limit 
of the capacity of that sewer, and that the relief which had for- 
merly been proposed by the extension of the High-level system 
into the upper portions of the territory will have to be afforded. 

It was estimated, when the Charles River valley sewer was built, 
in the year 1892, that it would provide for an anticipated popula- 
tion of 183,000. The present population of the district now tribu- 
tary to this sewer is about 153,000, and is rapidly increasing. The 
maximum per capita rate of sewage, or 225 gallons a day, which 
was taken for the basis of the studies made previous to the year 
1892, has already been exceeded in the ordinary wet weather flows. 
Although the Charles River valley sewer was built to receive only 
separate sewage from much of the territory tributary to it, in 
periods of storms there is necessarily a considerable increase by 
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ground flow and otherwlM*, so that at such periods the amount dis- 
charged into tho sewer is now nearly equal to it8 capacity ; and 
there is danger that in a (*oni|)ai*atively few yc>ar8 this sewer will be 
at times overcharged, and the sewage will overflow so as to become 
offensive to portions of the District, |)articularly in Brighton and 
Brookline, through which the sewer imsses. An additional advantage 
will be gained l)y the construction of the proposed extension, in that 
the sewage which will l>e received into it will be discharged by gravity, 
and considerable exi)en8e will be saved in the cost of pumping. 

Inasmuch as the construction of the extension to Oak Square 
will require a period of two or tlu*ee years after its building is 
authorized, an early consideration of the subject is important. 

XII. FUTURE WORK. 

The construction of the Wachusett Dam and the Wachusett Ees- 
ervoir has proceeded so far that there seems but little doubt that 
l)oth the dam and reservoir -will in the coming year be substantially 
completed and made ready for use, so as to leave only some small 
.subsidiary work to be subsequently perfoimed. 

If decided measures are taken by the municipalities of the Met- 
ropolitan District for the reduction of the present excessive con- 
.-^umption, the necessity of proceeding to new sources of water supply 
and of building further reservoirs and aqueducts will be delayed lor 
a considerable period to come. It certainly behooves the various 
municipalities of the District, which have the control of the distribu- 
tion of water, to promote and adopt such reasonable measures as 
^hall postpone the necessity of providing new sources of supply 
and additional works therefor, and to prevent the imposition upon 
the people of burdens which are unnecessary. 

Considerable additional work will probably be required for the 
abatement of sources of pollution to the water supply, for enforc- 
ing measures for stopping improper and unnecessary consumption 
of water through waste and leakage, and for the prevention of the 
deterioration of water mains arising from electrolytic action. The 
building of the improvement of Spot Pond Brook, called for by 
the legislation of last year, is dependent upon the decision of a 
commission to be appointed by the couii;. A petition for the 
appointment of such a commission has been made, but no action 
has yet been taken thereon. 
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With the exception of the suits of the cities of Maiden, Medford 
and Mekose for damages on account of the taking of Spot Pond 
and the adjacent lands, there remain unsettled comparatively few 
claims for damages on account of the taking of lands for the works, 
for the diversion of water, for depreciation to real estate and for 
damages to business. It is probable that nearly all of these claims 
can be settled during the coming year. 

The construction of the High-level Sewer and of the extensions 
of the North Metropolitan System of sewerage to the towns of 
Revere and Belmont has nearly completed all the sewerage works 
at present authorized. The laying of the force main from the 
Quincy sewerage pumping station to connect with the High-level 
Sewer will be accomplished early in the year. 

The Board is charged with the operation and maintenance of all 
the various works for the supply of water to the Metropolitan Dis- 
trict and for the disposal of the sewage. The amount required for 
maintenance and operation during the past year exceeded $550,000, 
and the putting into complete operation of the Wachusett Reservoir 
and of the High-level Sewer will add materially to this department 
of the work of the Board. 

The report of the Chief Engineer, relating to the Water Works, 
and the report of the Engineer of the Sewerage Works, are here- 
with presented. 

Respectfully submitted, 

HENRY H. SPRAGUE. 
HENRY P. WALCOTT. 
JAMES A. BAILEY, Jr. 

Boston, March 11, 1906. 
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REPORT OF THE CHIEF ENGINEER. 



To the Metropolitan Water and Sewerage Hoard. 

(lEXTLEMEx : — The following is a report of the operations of the 
Engineering Deimrtment of the Metropolitan Water Works for the 
3'ear ending Derember 31, 1SM)4. 

OmJAXIZATIOX. 

Dexter Brackett, Kn<rineer of the Distribution Deportment, was 
on March 10 also placed in charge of the Sudbury De{)artment and 
of the maintenance of the Weston A<|ueduct, and on May 25 was 
placed in charge of completing the work of construction connected 
with the Weston A(|ueduct. In connection with these changes he 
was given the title of Engineer of Sudbury and Distribution De- 
partments. 

Horace Ropes, Engineer of the Weston Aqueduct Department, 
after having substantially completed the work under his charge, re- 
signed on May 25 to accept a position on the New York Water 
Works. The department was then abolished, and the work remain- 
ing to be done was placed in charge of Mr. Brackett, as already 
stated. 

Charles E. Wells, Engineer of the Reservoir Department, ten- 
dered his resignation toward the end of the year, to take effect in 
January, 1905, in order to accept an appointment on the Reclama- 
tion Service of the United States (Jeological Survey ; and the work 
of his department will on January 1 be placed in charge of Thomas 
F. Richardson, Engineer of the Dam and Aqueduct Department, 
with the new title, Engineer of Dam and Reservoir Department. 

Chester W. Smith, Division Engineer and Chief Inspector at the 
Wachusett Dam, resigned December 10 to accept a position on the 
Reclamation Service of the United States Geological Survey. 

Charles E. Hal>erstroh, Assistant Superintendent, Sudbury De- 
imrtment, now reports to Mr. Brackett, instead of directly to the 
Chief Engineer. 
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Charles W. Sherman, Division Engineer, tendered his resigna- 
tion, which took effect September 30, to accept another position. 

William W. Locke, Sanitary Inspector, who formerly reported 
to the department engineers, now reports directly to the Chief En- 
gineer. 

The list of assistants reporting directly to the Chief Engineer at 
the end of the year is as follows : — 

Dexter Brackett, . . Engineer of Sudbury and Distribution Departments. 

Thomas F. Richardson, . Engineer of Dam and Aqueduct Department, 

Charles E. Wells,- . . Engineer of Reservoir Department. 

William W. Locke, . . Sanitary Inspector, 

Frank T. Daniels, . . Principal Office Assistant, 

Samuel E. Eillam, . . Office Assistant. 

Joseph P. Davis and Hiram F. Mills have continued as consulting 
engineers. 

At the beginning of the year the engineering force, including 
those engaged upon both the construction and maintenance of the 
works, numbered 153, and at the end of the year 105. 

In addition to the engineering force, which included the engi- 
neers engaged upon the inspection of the work, other inspectors 
have been employed upon masonry and earthwork. The maximum 
number so employed at any time during the year was 11. 

Grangs of men, under the immediate direction of foremen and 
under the general direction of the engineers, have been employed 
from time to time to do minor work, the more important items of 
which were the grouting with cement of two large arch bridges of 
the Boston & Maine Railroad over the Stillwater and Quinepoxet 
rivers ; the cleaning of a large portion of the Wachusett Reservoir, 
preparatory to filling it with water ; cementing and otherwise treat- 
ing the rock at the bottom of the cut-off trench of the South Dike ; 
the construction of additional settling basins and beds at the Clinton 
sewage disposal works ; and the fencing, seeding and other work 
connected with the completion of the Weston Aqueduct. 

There has also been a maintenance force, exclusive of engineers, 
averaging 202, employed at the pumping stations and in connection 
with the maintenance of reservoirs, aqueducts, pipe lines and other 
work. 
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FOICCK IVMI'LOVKI) OX WoRKS. 

The force emplovod upon the works in \*M)i was .sniallor than the 
force cniployod in \\H)l\. 

The largest force (Miiph)y<>d upon the* works at any one time dur- 
ing the year was for the week ending June 1 1, as follows : — 



Men. 



CootrMtora' forces : — 

KeMrvolr iHtpartment, ; 716 

Dam ftod Aquedaet I>«partmenl ■ -Vll 



Iiay-Ubor forces, construction 

Knglneerlnff force, including engineer Iniipectors snd those engaged apoD 

maintenance 

Inspectors not engineers 

Mftlntenance force, not Including engineers, 



I 



I 

i.en '• 

171 i 



190 



2,1S2 



Horses. 



100 
118 



10 

s 

IT9 



Akua\(i?:mknt of Rei»ort. 

In continuing this report, it is the ])urpose to separate the work 
chargc;d to the construction account from that charged to the main- 
tenance account ; but, as the work of construction and maintenance 
is supervised by the same princii)al engineers, and in very many 
cases the assistants are engaged upon both classes of work, it i.s not 
feasi))le to make a complete separation. 

C^OXSTRIXTIOX. 

Contracts. 

A detailed statement of the contracts made and pending during 
the year is given in Appendix No. 1. The following statement 
gives a summary of all the contracts charged to construction from 
the beginning of the work to the end of the year 1904 : — 



Portion or Woiik. 



Number of 
Contracts. 



Approximate 
Amount. 



Wachusett Reservoir, 
Wachusett Dam, 
Other portions of work. 

Totals, 



32 

12 

243 



287 



12.949,045 92 

1,740,216 86 

10,287354 68 

f 14,977,116 81 
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Amount of 6 contracts made in 1904 (approximate), .... |95,541 26 
Amount of 3 contracts unfinished December 31, 1904 (approximate), 2,388,635 00 
Value of work done by contract from January 1, 1904, to December 
31, 1904, 1,154,851 57 

In the case of all contracts completed up to the present time final 
settlements have been made without any legal controversy. 



BESEBVOIB DEFABTMENT. 

(The statement of the work of this department has been prepared by Charles E. Wells, Department 

Bngineer.) 

The principal work of this department during the year has been 
the continuation of the removal of soil from the Wachusett Reservoir 
and its disposal in the North Dike and in shallow flowage and high- 
way embankments, the completion of the North Dike, the construc- 
tion of highways in West Boylston and Oakdale, and the practical 
completion of the work connected with the relocation, raising and 
protection of the railroads at Oakdale. 

The organization of the engineering force has been the same as 
during the latter part of the previous year. Charles A. Bowman, 
division engineer, has continued in charge of the force reports, 
measurements, estimates and miscellaneous engineering work con- 
nected with the removal of soil, and also in charge of maintenance 
and forestal work. Harry J. Morrison, division engineer, has con- 
tinued in charge of the inspection of the removal of soil from the 
reservoir below West Boylston and the supervision of contractors. 
Ernest H. Baldwin, division engineer, has continued in charge of 
the work at and near Oakdale. Frederick W. Harris, assistant' 
engineer, has had charge of the work at the North Dike and the 
miscellaneous day-labor work in that vicinity. Edwin J. Pickwick, 
assistant engineer, has had charge of the work connected with the 
relocation of roads and removal of soil at West Boylston. 

The total engineering force of this department has varied in num- 
ber from 57 to 47, the latter being the number at the end of the 
year. 

The main office of this department is at Clinton. Three branch 
offices, two at West Boylston and one at Oakdale, have been con- 
tinued throughout the year. 
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NoHTII DiKK. 

Work upon the North Dikt* hii.s brcii in progress during the 
year under the contractors, the Newoll it Snowling Construction 
Company and the McArthur Brothers Company, and is now com- 
pleted. 

The amount of work dont^ during tht* y(*ar, also the total amount 
done to completi* the dike, are given in the following statement : — 



To December 
81, 1903. 

I 



For the Tear 

1904. 



ToUl. 



Boll and earth ezoavated from main cat -off trench (cable 
yards), 

Boll and earth excavated from secondary cat-off trench 
(cable yarde), 

Total length of main cat-off trench (feet), . . . . 

Length excavated to rock (feet), 

Length excavated Into fine sand (feet), 

Length in which sheet piling was driven (feet), . 

Length in which sheet piling was not driven (feet), . 

Sarfaoe of rook ancovered aod treated at bottom of main 
cut-off trench (square feet), 

Boil from reservoir deposited in cat-off trenohes and in the 
dike (cable yards), 

Barth and gravel taken from borrow pits and deposited in 
the dike (cable yards), 

Barth excavation for the construction of a small dike (coffer, 
dam) in Coachlace Pond (cubic yards) 

Drain pipe laid at toe of westerly portion of dike (linear 
feet) 

Screened gravel on the water slope of the dike us a founda- 
tion for riprap (cubic yards), 

Riprap on the water slope of the dike (cubic yards), . 



I 



499,860 

42,0SS 
9,505 
8,180 
0,875 
5,239 
1,180 

77,250 

4,765,338 

198,837 

19,172 

7,083 

14,355 
81.350 




409,856 

41,088 
0.S06 
8,180 
6,875 
6,S89 
1,186 

77,250 

4,066,986 

206,776 

10,172 

7,068 

16,911 
128,180 



The dike covers an area of 135 acres and contains 5,300,753 
cubic yards of material brought from outside sources. In addition, 
561,061 cubic yards of earth were excavated from cut-off trenches 
and for a small dike, making a total of 5,861,814 cubic yards of 
earth moved in connection with the construction of the dike. The 
dike is 10,400 feet or nearly 2 miles long on the water side at full- 
reservoir level, 65 feet high at the deepest place up to this level, 
and 1,930 feet wide at the base at the maximum section. 

The depositing of screened gravel as a foundation for the riprap on 
the westerly portion of the dike was completed April 13, 1904. The 
soil filling, constituting the principal part of the dike, and consist- 
ing of a total of 4,955,936 cubic yards, Avas completed November 
12. The placing of riprap was completed November 18. 

The total cost of the dike is substantially $750,000, which may be 
subdivided hy classes of work, as follows : — 
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Soil excavated from the reservoir and deposited at the North Dike 
only the estimated cost of depositing it being charged to the dike 
4,956,000 cubic yards, at 5 cents, 

Excavation from cut-off trench, 542,000 cubic yards, at 18 cents. 

Borrowed earth, 225,000 cubic yards, at 22 cents, . 

Riprap and screened gravel, 139,000 cubic yards, at 64 cents. 

Drain pipe and other miscellaneous items, .... 

Sheet piling, treatment of ledge in bottom of cut-off trench, pumping 
consolidating soil with water and other day-labor work, . 



f247,800 
97,560 
49,500 
88,960 
11,180 

125,000 



$620,000 
Engineering and preliminary investigations, 180,000 



f750,000 



A day-labor force has been employed in finishing the slope of the 
dike toward the water on the easterly and westerly portions and 
seeding the slope of the easterly portion ; lumber and tools have 
been removed to^ the Wilson Street storage yard ; weeds have been 
mowed and burned ; and nine permanent benches have been placed 
on the easterly portion of the dike, for the purpose of determining 
future settlement of the material composing the dike. 

The maximum day-labor force employed at the dike was 10 men 
and 4 horses, for the week ending June 25. 

Measurements have been made during the past three years which 
give interesting and important information, confirming that pre- 
viously obtained with regard to the impermeability of the soil which 
has been used for the construction of the greater portion of the North 
Dike. 

A small well was sunk on the down-stream slope of the dike, 
about 1,200 feet distant from the crest of the dike and about 500 feet 
from the toe. The surface of the dike at the well is about 25 feet 
above the high- water level of a pond at the toe of the dike, and this 
pond is drawn down during the summer from 4 to 6 feet below the 
high- water level. 

During the time of these observations the Wachusett Reservoir 
had not been filled against the up-stream face of the dike, so that 
the water on that face was somewhat lower than at the down-stream 
toe. Notwithstanding this fact, the water in the well stands from 
18 to 24 feet — averaging about 22 feet — higher than the water in 
the pond at the toe of the dike. 

The soil, although merely dumped from cars in layers 7^ feet in 
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thickness, is so nearly iiii|MTvious that the rainfall alone is able to 
maintain tlie <n*(>un<l wuUt in this portion of the dike only a few feet 
below the surface of the down-stream sIoih^ 

The elevation of the water in tlie well rises after each heavy rain, 
and also shows a seasonal change, being higher after the spring 
floods and lower after the summer and autumn droughts. The water 
when highest was 2 feet below the surface of the dike, and when 
lowest 7 feet below. 

Not only were the ol>servations nuidc at the well, but on two 
occasions, November 0, liMKi, and April 21, 1904, were also made 
at points 25 feet apart in each direction, covering an area 400 feet 
long in the direction of the slope and 250 feet at right angles 
thereto in the vicinity of the well. These obsen-ations showed that 
the ground water was from 3 to 7 feet below the sur&ce of the dike 
(which has a slope of from 3 to 4 feet in 100) and approximately 
parallel ^^'ith it. 

Relocation and Constritction of Roads. 

Considerable progress has been made by the contractors on the 
construction of highways at West Boylston and Oakdale. 

Of the new highway which passes through Oakdale, that part 
between Pleasant Street and the village was opened for travel on 
June 15, and the remainder, to a point south of the Quinepoxet 
arches, on September 17. 

Considerable work has also been done on Newton Street, south 
of .the arches, and on the new location of Holden Street, which is 
now used for public travel. The highway across the reservoir at 
West Boylston was opened for public travel on December 24. The 
opening of these highways has permitted the discontinuance of the 
last of the public railroad crossings at grade in the villages of Oak- 
dale and West Boylston. 

Additional information with regard to the work on the highways 
mentioned may be found subsequently in this report, under the 
head of Contracts. 

In addition to the work done by the contractors, there has been 
done by the day-labor forces a considerable amount of work, such as 
grading and seeding highway slopes ; erecting and painting high- 
way railings between West Boylston and Oakdale ; constructing the 
false works for the arch bridge at the West Boylston crossing of the 
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reservoir, and removing the same ; constructing pipe highway cul- 
verts at the South Meadow Road, Clinton, and near the West Boyl- 
ston railroad station ; and constructing concrete highway culverts 
under Holden Street and at Maiden Brook on Newton Street, 
Oakdale. 

The maximum force employed was 23 men and 6 horses, for the 
week ending October 29. 

Removal of Soil. 

Work upon the removal of soil from the reservoir has been in 
progress under the contractors, the Newell and Snowling Construc- 
tion Company, and Bruno, Salomone & Petitti. More detailed 
information in regard to each contract will be found under the head 
of Contracts. 

The total amount of soil removed and to be removed from the 
Wachusett Reservoir is at present estimated to be about 6,900,000 
cubic yards, from approximately 3,943 acres. Of this, the total 
amount removed from the reservoir in previous years was 5,645,064 
cubic yards, from 3,236 acres; in 1904, 1,115,341 cubic yards 
were removed from 621 acres, making a total from the beginning 
of the work to the end of 1904 of 6,760,405 cubic yards, or 98 
per cent, of the total as at present estimated, removed from 3,857 
acres. 

The above total includes 160,895 cubic yards of soil stripped un- 
der contracts Nos. 273 and 275 (Dam and Aqueduct Department), 
from 101.4 acres near South Clinton, and 7,500 cubic yards stripped 
from the vicinity of the Wachusett Dam. 

Of the soil removed to the end of 1904, 470,233 cubic yards were 
used for road embankments, 1,026,754 cubic yards for shallow flow- 
age areas, 131,781 cubic yards for railroad embankments, 4,955,936 
cubic yards for the North Dike, 160,895 cubic yards for the South 
Dike, 7,306 cubic yards have been placed in spoil banks and 7,500 
cubic yards have been used near the Wachusett Dam. During the 
year 8,835 cubic yards of earth have been deposited upon the deep 
muck, which has been covered to a deptb of about 1 foot. This 
amount, added to 230,011 cubic yards used for the same purpose 
during previous years, gives a total of 238,846 cubic yards. 

The day-labor forces under the direction of the engineering force 
have performed the following work : — 
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All of the bodices from tlu* oM Bouiiian (*ciiietcry have been re- 
ni()V(*d to a new Imriul lot udjoiiiin*; the West lioylston Cemeterv. 
The new lot was «rRuled and seeded, a gravel drive was constructed, 
and a substantial wall eiielo^iiiir the lot was huilt. Kxcavation wu 
carried to a depth of ahout 7 feet over the whole area of the old 
eeniettT}', and <».'> bodies were I'enioved. Thesi* were placed in 
boxes ])rovide(l for the purpose, and reinterred in the new lot. The 
monuments, head-stones and foot-stones were removed and ereoled 
in their proper |)laces. The excavated material was removed to tin 
sliallow tlowage enil)ankment opposite th<' Clarendon Mills. The 
work of removing the bodies was commenced on Maj 10 and OOB- 
pleted on Ma}'' 21. 

The tinal cleaning of the reservoir bottom on the area to be 
Hooded was accomplished to elevation .'(7'). The weeds and gam 
were removed, and, together with the roots, etc., were burned over 
an area of 1,200 acres. On a considerable poition, where there wis 
a growth of bunch grass, the ground was harrowed over with spring- 
tooth harrows. The grass was afterwards raked and burned. This 
method Avas somewhat more costly than mowing and luking the 
grass, but the results were more satisfactory. 

Stumps and driftwood were removed from the channels of the 
Stillwater, Quinepoxet and Nashua rivers, between Oakdale and a 
point about 1 mile below West Boylston. This material -was piled 
and burned. Perennials were pulled or grabbed on the portions 
of the reservoir from which the soil has been removed ; the reser- 
voir margin has been widened in the vicinity of Dover Pond, and 
also near West Boylston ; driftwood has been removed firom the 
resen^oir, and burned; soil on the old Central Massachusetts Bail- 
road embankments at Oakdale has been cast to the foot of the 
slopes, and covered ; the bottom of the reservoir in the vicinity of 
the upper end has been graded, to secure proper drainage ; and 
nmch other miscellaneous work has been done. 

The maxinmm force employed was (>2 men and 6 horses, fbr the 
week ending October 1. 

In addition to the engineering work connected with the esti- 
mates and inspection of the removal of soil, the organic matter in 
l,0o5 samples of soil has been detennined for the guidance of the 
inspectors. 





; WACHUSETT RESERVOIR-West Bovleton Manufacturing Compamv Mills Site 

L BEFORE Beginning of Work amo after Stripping of Reservoir 
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Relocation of Railroads. 

The principal part of the contract work upon the relocation of 
railroads was completed in 1903. Some paving has been done on 
the slopes of the Worcester, Nashua & Portland Division during 
the season of 1904, and a very small amount yet remains to be done 
in the vicinity of the Stillwater and Quinepoxet arches. The Bos- 
ton & Maine Railroad has raised and ballasted the track on the 
Worcester, Nashua & Portland Division south of the Oakdale sta- 
tion, and has also raised and ballasted the Y track connecting the 
Worcester, Nashua & Portland and Central Massachusetts divisions. 

The principal day-labor work in connection with the railroads 
has been the grouting of the masonry of the arches which carry the 
railroad over the Quinepoxet and Stillwater rivers, and the relaying 
of a considerable part of the wingwalls. This work became neces- 
sary because the wingwalls and portions of the abutments were 
originally laid without mortar, and, with the raising of the water in 
the reservoir against them, they might otherwise have failed. The 
waterway of the Quinepoxet arch was paved in 1902, and that of 
the Stillwater arch in 1903. The work of grouting the masonry 
and relaying the wingwalls was commenced at the Stillwater arch 
on June 6, 1904. A steam derrick was used to handle the materials 
of construction. The upper and insecure parts of the wingwalls 
were taken down, and when rebuilt the walls were extended to cor- 
respond with the slopes of the embankments. In rebuilding as 
much additional stone as was necessary was provided and all of the 
stone was laid in Portland cement mortar. It was necessary to take 
down and relay a large part of one of the wingwalls at the Stillwater 
arch. The grouting of the main parts of the walls proceeded at the 
same time. All joints were thoroughly washed out with a stream of 
water furnished by a steam pump through a 1-inch hose. The joints 
were then carefully filled at the face of the walls with rich mortar, 
holes being left about 5 feet apart for convenience in grouting. 
The filling of the joints was done a few days in advance of the 
grouting. A specially constructed funnel, having a spout on the 
side, was used in pouring the grout into the walls. The grout was 
prepared in an ordinary mortar box, and was composed of 3 parts of 
fine sand to 1 part of American Portland cement. Five or six men 
did the mixing with mortar hoes, and when the grout was of proper 
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consist(*iicv, three men «*()ntiiiued stirring the mixture while the 
others |>ourc(l the grout into tlie walls. Ordinary coal hods wen 
U8ed in transferring the <rrout to the wall, the hodis bein^ filled by 
HK^ans of coal scoop.s. Substantial stagings were erected as the wctfk 
progressed, and the mixing box was always kept on a level with the 
work and dose to the wall wlu*re tht* grout was being used. The 
gi*out ran ver}' freely, in some cases showing in the walls at a dis- 
tance of Tf) feet from the ])oint of applii*ation. Four hundred and 
eighty cubic yards of rubble masonry were laid, at a cost of $4.86 
per cubic yard. This includes the ex])en.se of removing the old 
masonry and excavating for foundations at the ends of the walls. 
One thousand seven hundred and thiity Imrrels of cement were used 
in the grouting, tit a cost of $;i pi»r baiTel of cement. A total of 
2,041 barrels of cement were used for the nibble masonry and grout- 
ing of both arches. This work was completed November 19, the 
Quinepoxet arch being finished at tliat time. The maximum force 
emploj-ed was 2(5 men and T) horses. 

The maximum day-labor force employed on the relocation of rail- 
roads was 28 men and 4 horses, for the weeks ending October 8 
and 29. 

CoNTUArTs, Waciius?:tt Reservoir. 

Contract 210^ Newell A Snowtiinj Gom^truction Company. 

Excavating Soil from Section 8 of the IVachusett Reservoir, and ImUding a Part 
of the Westerly Portion of the North Dike, in Clinton and Sterling. 

On August 1, 1901, a contract was made with the Newell & 
Snowling Construction Company for removing soil from Section 8 
to the westerly portion of the North Dike. This contract called for 
the removal of a suflSciont amount of soil to complete this portion of 
the dike, and also for the excavation of earth and gitivel for the 
completion of the embankment along the water slope of the dike, 
and for the covering with sand or gravel of deep muck which it was 
not considered desirable to remove. A subsequent agreement was 
made with the contractors on Md^y 13, 1903, for the placing of a 
layer of screened gravel from (^ to 18 inches in depth on the slope 
of the westerly portion of the dike, as a foundation for riprap. 

The operations of the contractor were continued along the same 
lines as during the preceding seasons. Soil has been loaded into 
carts and deposited in a shallow flowage embankment nearly oppo- 
site the former location of Sawyer's Mills. The remainder of the 
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soil has been loaded into carts and, by means of dumping platforms 
into cars, or has been loaded directly into cars, and hauled by loco- 
motives to the North Dike. A limited area of muck has been cov- 
ered with earth to a depth of about 1 foot. The placing of screened 
gravel on the slope of the westerly portion of the dike was in 
progress at the close of 1903, and was completed April 13, 1904. 
The last soil was hauled to the dike November 1. 

By the operation of the railway and car plant, 57,427 carloads, 
containing 188,772 cubic yards, were transported to the dike; this, 
added to the 180,513 carloads, containing 620,131 cubic yards, 
transported during previous years, makes a total of 237,940 car- 
loads, containing 808,903 cubic yards, transported under this 
contract. 

The plant consisted of 2 12-ton locomotives, 60 3-cubic-yard 
dump cars and 5 miles of 3-foot-gage track. 

The total amount of work done has been : — 





To December 
81, 1903. 


In 1904. 


Total. 


Clearing and grabbing (acres), 

Soil excavation (cubic yards), 

Earth ezeavation for embankment at dike (cubic yards), . 
Earth excavation for covering (cubic yards), 
Gravel excavation for water slope of dike (cable yards), . 
Screened gravel for foundation for riprap (cubic yards), . 


298 

696,246 

14,915 

55,245 

29,037 

6,776 


107 
274,503 
2,163 
4.479 
4,776 
1,556 


406 

970,748 

17,078 

59,724 

38,813 

8,882 



The amount of the final estimate was $395,092.50. 
The work was completed November 26. 

The maximum force employed was 184 men and 38 horses, for 
the week ending May 21. 

Contract 257^ Bruno ^ Salomone & Petitti. 

Section 10 of the Wachusett Beservoir, in Boylston and West Boylston. 
On December 27, 1902, a contract was made with Bruno, Salo- 
mone & Petitti for the construction of what is known as Section 10 
of the Wachusett Reservoir. This contract calls for clearing, 
grubbing and excavating soil from some 700 acres toward the upper 
end of the reservoir. At the beginning of 1904 it included all of 
the soil stripping necessary to complete the reservoir, excepting 
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thiit covered by contmct.s of tlu* Newell <& Snowling Construction 
CoiH|Miny, .lohn F. Mu<ree «.Nc (\)., and a eumijoratively .small am 
alon«r the Stillwater Uiver at the upper end of the reservoir which 
ha.s not yet l)een placed under contmct. It also provided for the 
construction of a new channeK ehiefly in rock, for the Nashua River 
at the highway eros.sin«r of the n^»*ervoir at West Boylston ; enlai^- 
ing a ]>ortion of tlu* elmnnel of the (jnincpoxet River west of the 
Worcester, Nashua v.^c Portland Division at (hikdale; building a 
eonerctc dam across the river at the upper end of this channel; 
]Miving the slopes of the railroad and highway embankments; exci- 
vating gravel to l)c used for protecting the slopes of embankments; 
and covering with eiurth deep deposits of muck not desirable to 
remove. The progress of the work was considerably in excess of 
the requirements ot the contract at the beginning of 1904. 

The methods employed by the contractor have been the same as 
in use during the preceding season. The soil from limited areas in 
the vicinity of shallow tlowage and highway emiiankments has been 
loaded into ciirts and hauled directl}' to the embankments. A 
limited amount of soil has been placed in spoil banks. On other 
portions of the work, re(|uiring a longer haul, the soil has been 
loaded into carts and, by means of dumping platforms into cars, or 
has been loaded directly into cars, and hauled to the embankments 
at West Boylston orOakdale, or to the shallow tlowage embank- 
ments at Oakdale. 

The total number of carloads of soil hauled during the year has 
been 182,889, containing r)8(),2r)4 cubic yards; this, added to 138,- 
543 carloads, containing 429,(517 cubic yards, hauled during 1903, 
makes a total of 321,432 carloads, containing 1,009,871 cubic 
yards. 

Of the soil removed under this contract, 268,378 cubic yards 
were used in highway embankments, 917,524 cubic yards were 
used in shallow tlowage embankments near Oakdale and 7,306 cubic 
yards were deposited in spoil banks. 

The railroad plant consisted of 6 12-ton locomotives, 1 10-ton 
locomotive, 80 2^-cubic-yard dump cars, 40 3-cubic-yard dump cars, 
40 3|-cubic-yard dump cars and 8.4 miles of 3-foot-gage track. 

The work of soil removal has been prosecuted vigorously during 
the season. Considerable earth excavation has been done in the 
new channel for the river above the Quinepoxet arches at Oakdale, 
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and the slopes have been paved. The highway embankments at 
Oakdale and West Boylston have been completed. The slope pav- 
ing is completed on the highway embankments at Oakdale, and, 
with the exception of a small amount, is completed on the Worcester 
Street embankment at West Boylston. The excavation of the rock 
channel at West Boylston was completed and the water of the 
Nashua River turned through the channel on July 16. 

The total amount of work done under this contract has been : — 



To December 
31, 1903. 



For the Year 
1904. 



Total to 

December 81, 

1904. 



Clearing and gmbbiDg (acres), 
Soil excavation (cubic yards), 
Earth excavation (cubic yards) , 
Bock excavation (cable yards), 
Slope paving (cubic yards). 



67 


87 


496,261 


696,947 


38,463 


52,386 


4,917 


12,026 


8,362 


10,630 



164 

1,193,208 
90,849 
16,943 
18,992 



This contract provided for the completion of the work on or 
before November 1, 1905; but in view of the importance of having 
the reservoir in readiness for the storage of large quantities of water 
in the spring of 1905, a bonus was offered for the completion at 
the end of 1904 of those portions of the work more than 15 feet 
below the full-reservoir level. This bonus has been earned by the 
contractors, notwithstanding that the number of cubic yards of soil 
removed was considerably in excess of the number in the prelim- 
inary estimate of quantities of work to be done. 

The maximum force employed has been 556 men and 107 horses, 
for the week ending September 10. 

Contract 268^ McArthur Brothers Company. 

Placing Riprap on the Westerly Portion of the North Dike ^ in Clinton and Sterling, 
On May 16, 1903, a contract was made with the McArthur Brothers 
Company for using as riprap, on the westerly portion of the North 
Dike, granite to be excavated from the waste channel of the Wachu- 
sett Dam and in preparing the foundations for the dam, and a 
comparatively small amount of granite already excavated. The 
cross-section of the riprap and the methods of the contractor were 
for the greater part of the season the same as those described in 
the last annual report. About October 1 the work had advanced 



80 MKTKOI'OLITAX WATER [Puh. Dot. 

to the wfotorlv end of th«' diko. tiiid the derrick which had been used 
in placinir tin* riprap wa-* thru rfinov(*(l. A considerable quantity 
of coarx* riprap wa^ tlini rfi(iiirLHl at (litFrrciit places along the dike. 
wli4;rc it luul Ihmmi oiiiittcd on account of the difficulty in procuring 
a sutiioiont proportion of the larirr stone from the excavations at the 
dam as tlif work on the diko pro^^cssod. After the removal of the 
derrick tho cars were dnnipt'd and the st(»ne placed entirely by labor- 
ers. The work was completed and the contractor's plant removed 
November is. TJu* tnt:ii amount of riprap placed was 25,063 cubic 
yards: this (|uantitv, added to the l.'),7.*)l ctibic yards previoiuly 
placed, makes a total of tn.s] | fubic vards. These quantities rep- 
resent tile amount of solid rock used tor the riprap, which, when in 
place as riprap, swelled to a volume two-thirds greater. 

The amount of the tinal i"<timate was J?r)l,017.r)0. 

Th(» maxinmm force* i^mployed ^^'as U\ men, for the week ending 
February 27. 

Coutrnrf 277. F. A. MvCanUff. 

Masotm/ Arrh Bridge at West Boylston. 

On June '1)\. IDOl, a contract was made with F. A, McCauIiff for 
the construction of a masonry ai-ch bridge at the highway crossing 
th(» reservoir at West Boylston. This contract called for the con- 
struction of a gi'anite masonry arch highway bridge and wingwalls 
backed with concrete. The arch was to span a deep rock cut which 
had been excavated for the purpose of making a new channel for the 
Nashua River. The Board was to furnish the material for and erect 
and remove the false works on which the arch was to be built, and 
to prepare the foundations for the arch and wingwalls. Work was 
commenced on July 18 and completed in a satis&ctory manner on 
September 28, two days ahead of the time required by the contract. 

The principal quantities of work perfomied were as follows : — 

Concrete masonry (cubic yards), 724 

Ashlar masonry (cubic yards), 498 

Face dressing of fine-pointed work (square feet), 1,096 

Face dressing of rough-pointed work (square feet), 400 

The value of the work, as shown by the final estimate, was 
$12,809.65. 

The maximum force employed was 38 men and 8 horaes, for the 
week ending September 24. 
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Improving Wachusett Watershed. 

The dam at the Palmer mill-pond in Sterling was removed, and a 

main ditch 1,550 feet long and 4 feet wide on the bottom was dug 

- to make a new channel for the brook running through it. Side 

ditches having an aggregate length of 1,365 feet were also dug for 

draining the site of the pond. Considerable other work has also 

been done by day-labor forces in constructing cesspools, privies and 

filter-beds. 

Forestry. 

The cutting out, grading, draining and improving of interior 
roads has been continued. About 3 miles of these roads have been 
treated in this manner, for purposes of fire protection and forestry 
improvement. The work of cutting our mature, dead and undesir- 
able trees, preparatory to planting, has been done over about 200 
acres. About 200 acres have been planted with three and four year 
old white pine seedlings grown in the nurseries of the Board. This 
area consisted of arable land, open and brushy pasture and sprout 
land which had been burned over, or on which there was little but an 
undesirable scrub growth. 

On the open areas pines were set at 10-foot intervals, with sugar 
maples between as fillers. These maples were natural seedlings 
obtained at the Lamson farm. Hickory nuts and acorns were planted 
to provide fillers on the brushy areas. On some partly forested areas 
pines only were planted, varying the intervals from 5 to 10 or more 
feet, according to the existing growth. Three rows of white pines G 
feet apart each way were planted along 2 miles of the southern res- 
ervoir margin near Pine Hill ; 123,900 pines, 89,700 sugar maples, 
7f bushels of hickory nuts and 4 bushels of acorns were planted. 

The necessary care has been given to the Flagg and Lamson 
nurseries during the year. There were transplanted from seed beds 
to nursery rows at the Flagg nursery 23,000 two-j^ear-old white 
pines. This nursery now contains 123,500 three and four year 
old white pines and 24,000 two-year-old pines in nursery rows. 
The seed beds contain approximately 23,000 white pines, 14,000 
Norway spruces and 300,000 arbor vitiu, all two years old. They 
also contain, from seed sown in May, 1904, 1,05,000 white pines, 
11,000 Douglas spruces, 3,000 hemlocks, 38,000 white spruces, 
4,000 tamaracks, 1,000 European larches and 10,000 Scotch pines. 
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TIh* Iiiimson iiiir^iTV coiituiiis alxiiit 12,(H)0 three, four and five year 
old white pines. There have l»cen taken up and heeled in for spring 
planting 1!),0U<) pini^s and 2'J,(MM) natural 8c*edling sugar maples. 

Furrows for fire proteetion have l>een plowed aniund all the areas 
planted this year, and r('ph)wed around areas prcvioutsly planted 
and on fin* pmrds wliere necessary. 

Pine trees from the nursery, together witli larger ones taken from 
INisture hind, were planted to form a screen turound the filter-beds at 
the Worcester Count V Truant School. 

KN(ilNKKniN<;. 

In addition to the engineering work already enumerated, and 
that net'cssarily connected with th(» conti-act and day-labor work in 
progress, the engineering force of the li(»servoir Department has 
performed the following work : — 

Plans, sp(>eii]cations and estimates have been prepai-ed for the 
construction of a n<'w highway on the southerly side of the reservoir 
between Oakdule and West Boylston ; elevations on the reservoir 
bottom, as determined bv the final levels taken after the completion 
of soil excavation, have been entered on record sheets and contour 
lines have heen (Imwn covering an area of about 430 acres, making 
a total of 2,;')()0 acres covered by these final records at the end of 
the year. Curves were plotted and tables prepared showing the 
capacity of the reservoir at each tenth of a foot between elevations 
iJO;") and o.*J2. Surveys and plans w(»re made of the Warfield estate 
in llold(Mi and West Boylston, and of the Doit property in Holden. 
Plans have been made for tlu» discontinuance of parts of Xewton 
and Pleasant stre(»ts at West Bovlston, and for the discontinuance 
of Jlolden Street at OaUdale. Plans liave been revised for the relo- 
cation of Iloldcn and Newton streets at Oakdale. In addition to 
the surveys and plans mentioned, many others have been made in 
connection with the settlement of claims and for other purposes, 
and much miscellaneous engineering work has been done. 

DAM AND AQUEDUCT DEPARTMENT. 

(The Btiitcmont of the work of thin depiirtment huH been prepared by ThomaB F. Richardson, Deptrt- 

munt Engineer.) 

The principal work of this department has been the construction 
oi' the Waeliusett Dam and of the superstructure of the lower gate- 
rliam])er of the dam, the construction of the South Dike and the 
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removal of soil from the Wachusett Reservoir near South Clinton. 
The department has also had charge of the operation of the Wachu- 
sett Aqueduct and the Clinton sewage-disposal system. 

The organization of the force has continued practically the same 
as during the previous year. Chester W. Smith, division engineer, 
continued in charge of the work at the Wachusett Dam until De- 
cember 10, when he resigned to accept a position in charge of the 
Roosevelt Dam, near Phoenix, Ariz., for the Reclamation Service 
of the United States Geological Survey. Mr. Smith, in addition 
to his duties as division engineer, acted as chief inspector at the 
dam during the progress of masonry construction. Moses J. Look, 
division engineer, has had charge of the construction of the South 
Dike and of the removal of soil near South Clinton. The work in 
the drafting oflSce has been in charge of Allen E. Shannan. Elliot 
R. B. AUardice has continued in charge of the river and aqueduct 
gagings, and has direct supervision of the maintenance of the Clin- 
ton sewerage plant. He has also had charge of the construction of 
some extensions to the Clinton sewage disposal system, which have 
been built by day labor during the year. 

The engineering force has averaged 24 men for the whole year; 
there were also 10 masonry inspectors. 

The main oflSce of the department is in Clinton, and a branch 
office has been maintained at the Wachusett Dam. 

Wachusett Dam. 

The design of the Wachusett Dam and the contract for its con- 
struction, which was made with the McArthur Brothers Company 
on October 1, 1900, were described in the annual report of January 
1, 1901. The plant provided for the work, and the methods of 
carrying on the work, both at the quarry and at the dam, were fully 
described in the annual report of January 1, 1902. There has been 
no material change in the plant or in the methods. 

The work was carried on without interruption from the beginning 
of the year until December 24, when practically all work was shut 
down for the winter. Work upon the masonry, which was suspended 
on account of cold weather on December 8, 1903, was not • resumed 
until March 24, and was again suspended on November 28. The 
progress on the work has been good, about 10,000 cubic yards more 
masonry having been laid during the past year than during any 
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previous year. The work is considerably behind the requirements 
of the contract, which provides for the completion of the whole 
work on November 15, 1904. The dam has, however, been carried 
to a sufficient height to permit the storage in the reservoir of as 
much water as it will be feasible to store next spring. Rather more 
than 15,000 cubic yards of masonry still remain to be built, out of 
a total of 273,000 cubic yards, — an amount of work which can 
easily be accomplished during the coming season. 

Industrial conditions have been favorable during 1904, and both 
common and skilled labor have been plentiful. Sufficient supplies 
of all kinds have been readily obtainable. 

Main Dara^ Gate-chambers and Terminal Shmctures. 

When work upon the masonry was suspended in 1903, the masonry 
extended across the valley for a length of 739 feet, and the top of 
the masonry was at an average elevation of 345, or about 79 feet 
above the original river bed. Short masonry cut-off walls had been 
built at both ends of the masonry from the up-stream face of the 
dam to the ledge rock, to prevent water from going around the low 
ends. The lowest point in the masonry of the dam between the cut- 
off walls was at about elevation 341. The substructure of the lower 
gate-chamber had been built, and four 48-inch valves for control- 
ling the flow of the water into the river below the dam, and eight 
24-inch valves for controlling the flow of the water into the Wachu- 
sett Aqueduct, had been placed in this substructure. 

Excavation. — When masonry work was discontinued in December, 
1903, the excavation at the easterly end had been extended close up 
to the tracks over which stone is brought from the quarry, and these 
tracks were as near as possible to the cable way towers. As soon as 
the masonry work was suspended the tracks were removed, and later 
were carried across the dam on a timber trestle about 25 feet high, 
which rested on the masonry which had already been built. Prep- 
arations were also made to increase the span of both cableways from 
1,150 feet to 1,250 feet. New tmcks. for the head towers were built 
100 feet back of the previous tracks, and 21 feet higher. The head 
towers were then raised by means of screw jacks, and moved on 
building movers' rolls to these tracks, the cables and other ropes 
being taken off the towers while they were being moved. The re- 
moval of the first tower was completed on February 4, and of the 
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other on February 27. The new tracks on which the cable ways 
move up and down the valley were reduced in length from 500 feet, 
as originally built, to 150 feet. 

As soon as the tracks over whicH stone is brought were removed, 
the work of excavation was resumed and was continued until July 
9, when the excavation for the dam at the easterly end was com- 
pleted. Some of the earth removed was used to fill the trench for 
' the dam near the easterly end of the masonry, and the remainder 
was passed by derricks to the cableways, and dumped both above 
and below the dam on the westerly side of the valley. Considerable 
of the earth from between the cableway towers was placed back of 
the towers to form the road-bed for the new cableway tracks. In 
filling above the dam on the easterly side of the river, special pre- 
cautions were adopted during cold weather to ensure a water-tight 
filling. Arrangements were made so that the earth filling would be 
puddled by dumping into water, this water being heated by the 
steam from two boilers, so as to remove any frost that there might 
be in the earth. The rock removed was placed outside of the earth, 
both above and below the dam, at the easterly end, and was used for 
grading the grounds below the dam. 

The earth overlying the rock had a depth of about 35 feet, and 
was a boulder clay so hard and compact that it was found economical 
to loosen it by blasting. The rock uncovered was a soft black or 
gray schist, and the average depth of the excavation in the rock 
under the whole base of the dam was about 9 feet. In addition, 
a cut-off trench 20 feet wide was excavated to a depth of about 
15 feet in the black schist, which was practically impervious to 
water. This cut-off trench extended a short distance under the 
abutment. 

At the westerly end of the dam the excavation of earth and rock 
was substantially finished in 1903, except the westerly 40 feet of the 
cut-off trench in the rock. This trench, which is 20 feet wide under 
the main dam, was narrowed somewhat as it passed through the site 
of the bastion, and has a width of 17 feet at the junction with the 
waste-weir. The rock under the bastion was a hard granite, which 
was less seamy than the rock toward the lower part of the valley. 
It was consequently necessary to excavate this part of the cut-off 
trench only to a depth of 10 feet to reach rock practically free from 
seams, and the work was finished in May. 
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lu excavating the cut^oit* trench on both sides of the valley, the 
method adopted in pn^viou.s years, and described in tlie annual re- 
port of January 1, IIK):>, of drillintr 3-inch holes 6 inches apart on 
both sides of the trench, was followed. 

Masonrff, — As previously stated, masonry construction w'as in 
progress from March 21 to November 28. When masonry wurk was 
suspended, the main dam had an average elevation of 39(), equi^'a- 
lont to 1 foot above fuU-resorvoir level, VM) feet above the original 
river bed and ISS feet above the lowest point of the foundation not 
in the cut-off trench. A gap about 20 feet wide, through which 
pass two tmcks over which stone is brought from the quarry, has 
l)een left through the masonry, the bottom of this gap being at 
about elevation 30JL If necessiury, this gap can readily be built up 
with masonry in the early spring, so that water can be stored to 
elevation 380. A few of the coping stones of the dam have been 
set atf the easterly end, near the abutment. The total length of the 
dam is 1,476 feet, made up of waste-weir, 452 feet; main dam, in- 
eluding the terminal structures, S)71 feet; and corewall, which ex- 
tends beyond the terminal structure at the easterly end, 53 feet. 
The length of the dam between tenninal structures is 838 feet. The 
rubble-stone masonry down stream from the centre line of the dam 
was laid a.s before, with beds inclined upward 1 in (J toward the 
down-stream face, until the masonry reached elevation 370. Above 
this elevation all of this class of masonry has been laid with practi- 
cally horizontal beds. 

A large part of the terminal structure at the easterly end of the 
dam, which is known as the abutment, has been built, some of the 
string course stone at elevation 415 having been set. The section 
of the rubble masonry corewall which was built in 1903 has been 
extended so as to connect with the abutment. The 6 concrete piers 
for supporting the floor of the abutment have been partially built. 
About 137 feet of the retaining wall, extending 200 feet up stream 
from the abutment, have been completed. 

The top of the masonry at the upper gate-chamber is at elevation 
31)(). Six ports or openings have been constructed to each of the 
4 wells in the upper gate-cham])er. These ports are between eleva- 
tions 330 and 390, and will admit water to the 48-inch pipes through 
the dam. Eight sluice gates, each G feet high and 2.5 feet wide, 
which will regulate the flow of water through the dam, have been 
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placed in the wells in the upper gate-chamber, and the gate stands 
for operating these gates have been set in a temporary manner. 

The masonry of the terminal structure at the westerly end of the 
main dam, which is known as the bastion, has been built to eleva- 
tion 404. 

Waste Channel and Waste-weir. 

Work has been in progress excavating rock from the waste 
channel for nearly the whole year, most of the rock excavated being 
hauled to the westerly portion of the North Dike, a distance of 
about 2 miles, to be used as riprap. After November 17 the rock 
was used as filling below the bastion and as riprap above the dam. 
During the early part of the year the work done was in the upper 
part of the waste channel in front of the waste-weir, where a channel 
of varying width and depth, but averaging about 70 feet wide and 
6 feet deep, was excavated in the rock in order to furnish sufficient 
waterway to remove the water which may flow over the waste-weir. 
This channel is narrower and deeper where it passes under the loca- 
tion of the permanent line of the Central Massachusetts Railroad, 
the rock excavation being about 50 feet wide and 20 feet deep at 
this point. Most of the rock and all of the earth in the waste 
channel have been excavated, except that under the temporary loca- 
tion of the Central Massachusetts Railroad, which cannot be removed 
until the railroad is changed to its permanent location. 

The earth excavation was largely finished during 1903, but a 
sqiall amount of earth has been excavated near the upper end, and 
used for filling below the bastion. The earth slopes of the waste 
channel below the railroad crossing have been trimmed, and on the 
southerly side have been covered with soil and seeded. Some soil 
has been delivered on the northerly side of the channel, but has 
not been placed on the slopes. 

The 24-inch cast-iron pipe which supplies the Lancaster Mills 
with water crosses the waste channel near its lower end, and the 
bottom of the pipe as originally laid was at the same level as the 
bottom of the waste channel. To ensure the safety of this pipe 
when water is running in the waste channel, it has been placed in a 
trench 5 feet deep, excavated in the rock which forms the bottom of 
the channel. In refilling this trench, the upper 18 inches was filled 
with Portland cement concrete. 

At the site of the waste-weir, the rock, most of which had been 
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uncovered the preceding year, w-as found to be fireerfrom seams than 
in the lower part of the valley. This, together mth the feet that 
for most of the length of the waste- weir the flow line of the reservoir 
is 15 feet or less above the surface of the rock below the masonry, 
has made it necessary to excavate but very little rock to obtain a 
suitable foundation. For about 165 feet from the bastion a cat-off 
trench 10 feet wide and about 8 teet deep was excavated under the 
up-stream portion of the waste-weir. In excavating this trench, 
3-inch holes (> inches on centres were drilled on the down-stream 
side of the trench for most of the distance. The rock from the 
trench was then removed, largely by blasting, but care was taken to 
disturb as little as possible the lower side of the trench. Under the 
remaining 285 feet of the waste-weir the rock was prepared for the 
masonry by barring and wedging, rather more than 2 feet of rock 
on an average being removed, though in one place it was necessary 
to remove over ieet of rotten rock before obtaining a suitable foun- 
dation. 

Masonry of Waste-weir and Retaining Wall, 

Work was begun on masonry at the waste-weir early in June, and 
about 390 linear feet have been completed, leaving 60 linear feet 
still to be built, but the part remaining to be built is only about 7 
feet high. No masonry work has been done on the small abutment 
at the westerly end of the waste-weir. 

Extendinof alono: the easterly side of the waste channel from the bas- 
tion, to and beyond tlie arch bridge which will carry the tracks of the 
Central Massachusetts Sailroad across the waste channel, is a retain- 
ing wall which has a height of over 26 feet above the bottom of the 
channel near the bastion ; 195 linear feet of the higher part of this 
wall have been finished. Immediately below the waste- weir and 
against the retaining wall the ledge rock was lower than the sur- 
rounding rock in the waste channel. This hole has been filled, 
partly with rubble masonry, covered with ashlar paving 2 feet thick, 
and partly with Portland cement concrete masonry. The paving is 
22|- feet below the full-rescrv^oir level. 

Arch Brid(/e and Metaining Wall near Lower End of WaMe 
^ Channel, 

An arch bridge having a span of 35 feet 6 inches has been con- 
structed across the lower end of the waste channel, affording access 
to the oTounds below the dam from Grove Street on the westerly 
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side of the pood below the dam. The arch of this bridge is built of 
Fortlaad cement concrete masonry, faced at the ends with stone. 
The stone parapet walls and face walls ore curved in plan , the radius 
of the curve midway between the parapet walls being about 275 feet. 
The total length of the parapet walls, the tops of which are 3 feet 2 
inches above the finished roadway, is about 131 feet, and the road- 
^r&y is 20 feet wide. 



Arch Bridge/or the Central Massachusetts Railroad. 
This bridge, which will have a span of nearly 58 feet, while not 
included in the original contract for the dam, is to be built by the 
contractor for the dam under a supplementary agreement. It crosses 
the waste channel at a considerable angle about 225 feet below the 
waste-weir. The arch will be built of Portland cement concrete 
faced at the ends with rubble masonry. Some work has been done 
preparing foundations, but no masonry has been built. 



Amount of Work done and of Materials used. 
The following table ^ves the amount of work done to the end of 
1901, the amount of work done during 1902, 1903 and 1904, the 
total amount of work done to the end of 1904 and the total esti- 
mated amount required by the contract : — 
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The number of barrels of cement used in the work at the dam has 
been as follows : — 
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Of tho cement UMod during 1904, all of the natural cement has 
been of the Union brand, and 12,421 barrels of the Portland cement 
have been of the (iiant brand, both cements being manufiustured by 
the American Cement Company of Egypt, Pa. ; 4,140 barrels of 
Lehigh Portland cement have also been used. 

The amount of cement used in tho dam per cubic yard of each 
class of rubble masonry from the beginning of the work has been as 
follows : — 



Composition or Mortab bt Measure. 



1 part nataral cement to 1 part sand, 
1 part Dataral cement to 2 parts sand, 
1 part Portland cement to 2 parts sand, . 
1 part Portland cement to 2) parts sand, . 
1 part Portland cement to 3 parts sand, . 



1 Barrels of 
' Camrat par 
Coble Yard. 


CaMe Yards 
ball!. 


1.4S 
O.M 
1.08 
0.86 
0.70 


1S4 

17S,ttl 

81,970 

8,9« 

23.517 



The amount of cement used in the dam per cubic yard of each 
class of concrete masonry has been as follows : — 



Composition of Concrete bt Measure. 



1 part natural cement, 2 parts sand snd 5 parts stone, 
1 part natural cement, 3 parts sand and parts stone, . 
1 part Portland cement, 2|^ parts sand and 4) parts stone, 
1 part Portland cement, 3 parts sand and 6 parts stone, . 
1 part Portland cement, 4 parts sand and 8 parts stone, . 



Barrels of 
Cement per 
Cubic Yard. 



Cable Yards 
buUt. 



1.33 
1.15 
1.43 
1.10 
0.70 



995 

18 

5,832 

1,087 

172 



Miscellaneous y^otes. 

All masonry built before April 12 and toward the latter part of 
the season — masonry likelj^ to be exposed to the action of the frost 
— was laid ih Portland cement mortar, mixed in the proportion of 3 
parts of sand to 1 part of cement. After November 3 all masonry 
was so laid. The water used for mixing mortar was heated after 
October 27. Between April 12 and November 3 most of the ma- 
sonry was laid in natural cement mortar mixed in the proportion of 
2 parts of sand to 1 part of cement ; but Portland cement mortar 
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mixed in the same proportions as the natural cement mortar was 
used, as in previous years, for the masonry in the cut-oflf trench, 
for masonry inmaediately above the ledge rock and in the upper 
gate-chamber. 

The largest amount of rubble masonry laid in the dam during any 
week was during the week ending June 25, when 11 derricks were 
in operation, and 3,459 cubic yards were laid. During that week 
about 42 cubic yards of ashlar masonry were also laid. The average 
amount of rubble masonry laid per day by each mason has been 13 
cubic yards, and by each derrick 56.1 cubic yards. This very large 
accomplishment has been possible because of the very complete 
appliances for furnishing materials to the work. 

The building of concrete masonry has been entirely in the day- 
time, and the concrete has been mixed by hand. 

A large aniount of work has been done grading the grounds below 
the dam both in the bottom of the vallejr and on the hillsides. In 
connection with the construction of the Wachusett Aqueduct and 
Central Massachusetts Railroad tunnels large quantities of waste 
rock were dumped on the easterly hillside below the dam, and exca- 
vations have been made on the hillside for the dam and for the 
tracks on which the stone was brought to the dam. These tunnel 
dumps have been to a large extent removed and graded, the excava- 
tions for the tracks and for the dam have been filled, and a large 
part of the hillside has been covered with soil stripped from the 
reservoir. In the bottom of the valley the grounds around the 
pool and the lower gate-chamber have been graded and nearly all 
covered with soil obtained from the bottom of the old mill-pond. 
Foundations for the drives and paths below the dam, consisting of 
about 18 inches in depth of stone from the tunnel dumps,, have been 
placed, and the paths have been finished with a coating of fine 
screened stone from these dumps. 

The stone for the rubble masonry is still obtained from the quarry, 
about 1| miles from the dam. The stone for the ashlar and dimen- 
sion stone masonry has all been obtained from the quarry of H. E. 
Fletcher & Co., at West Chelmsford, Mass. 

The maximum force employed by the contractor, including the 
men employed at the Chelmsford quarry, was during the week end- 
ing July 30, when 778 men and 54 horses were employed. At that 
time 141 men were employed at the Chelmsford quarry. 
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(Jontntrt 270^ (*onnf'n/ & Wenticorth. 

Superslruciuft of the lower gate-chamber of the H'achuseil Dam ; dale of contra/et, 

March IS, 1904 ; amount of contract, $72j937,34. 

This building covers thr gates iind other works used for control- 
ling tlie flow of water to the NVachusctt Aqueduct and to the river 
below the dam, and in it may be in^stalled uiaehinery for generating 
power. It is 104 feet (> inches long, 74 feet wide, outside dimen- 
sions, and the ridge of the roof is about h\) feet above the ground. 
A large part of the interior of the building is taken up by one large 
room, 74 feet 1 inch long by <>4 feet wide, the ceiling of which is 
about 37 feet above the floor. In addition, there are 8 smaller rooms 
and a large storage room at the easterly end, which will be used 
for various purposes in connection with the operation of the works. 

The exterior walls are of fine pointed granite obtained firom the 
quarry of II. E. Fletcher & Co. at West Chelmsford, Mass. ; the 
interior is finished with red face brick, and the roof is covered with 
Conosera Spanish roof tiles. 

The contractor began to set up a derrick and build an office and 
storage sheds on May 2, the first stone wiis set on May 16 and the 
work on the contmct >vas completed on December 22. The maxi- 
mum force employed, including the men employed at the Chelms- 
ford quaiTy, was during the week ending June 18, when 110 men 
and 7 horses were employed. Seventy-five of these men were 
employed at the quarry. 

The contmct price for the superstructure w^as $72,937.34. 

The work under this contract has been performed in a con- 
scientious and workmanlike manner, and the exterior stonework has 
been particularly well executed. 

A Gurncy heating plant has been installed, and the building wired 
for electric lights by employes of the Board. 

SouTii Dike. 

Contract 275^ John F. Mar/ee & Co, 

Date of contract, December 26, 1903; aynount of contract, $139,411,04, 

This contract called for soil stripping from about 87 acres of the 

site of the Wachusett Reservoir, and the construction of the South 

Dike, except the placing of the heavier riprap. Included in the 

work is the excavation of a cut-off trench, the refilling of this trench 
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with compacted soil from the reservoir, the excavation of soil and 
earth from spoil banks and borrow pits, and the placing of soil and 
earth in the dike, also the placing of the two lighter grades of rip- 
rap. The South Dike was fully described in the last annual report. 
Work was begun under this contract on January 5, in excavating 
from the cut-off trench, and on January 7 an additional force was 
put at work excavating sand and gravel from a borrow pit and haul- 
ing same to what formerly was Carville's ice pond, where 2.7 acres 
of deep muck were covered to a depth of about 1 foot. Work was 
continued through the winter, in excavating from the cut-off trench 
and from borrow pits, the material being used for covering the 
muck and for making the fill of the dike. The winter was an unusu- 
ally severe one, the snowfall being considerable and the temperature 
lower than in most winters, making the work difficult. The con- 
tract for this work provided that on or before April 1, 1904, the 
contractor should substantially complete the whole cut-off trench, 
and should have 200 linear feet of the lowest portion of the trench 
in readiness for the treatment of the rock. The contractor did not 
succeed in finishing the 200 feet on the date specified, owing to 
the severe weather ; but the treatment of the rock in the higher 
part of the trench was commenced on March 31, and this work 
will be described further on. The amount ot material to be 
handled, and the limited time available for the work, made it 
necessary that over 45,000 cubic yards of material per month 
should be handled. This required the provision of a very consid- 
erable plant, which was as follows : — 

4 locomotives (2 12-ton, 2 16-ton), made by the Vulcan Iron Works, Wilkes- 

barre, Pa. 
1 steam shovel, dipper 2J yards capacity, made by John Souther & Co., Boston, 

Mass. 
80 cars for hauling soil. Si cubic yards capacity, made by the Ryan & McDonald 

Manufacturing Company, Baltimore, Md. 
40 cars for hauling gravel, 3 cubic yards capacity, made by the same company as 

the cars for the soil. 
4^ miles of track. 

The contractor also provided 40 cars of IJ cubic yards capacity, 
but these cars were not used. In addition, a large number of teams 
were used. 
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The principal <|uaiititics of work done were an follows 



Grubbing (acrres) 

Soil excravatinn (riibic yanlfl), 

Enrtli excavation (rubic yanJs), . . . . 
Earth excavation from lMirn)\v pits (cubic yards), . 
Rock excavation (cubit* yards},. . . 

Riprap (cubic yards), 

Paving (culiic yards), 



56 

157,786 

86,096 

224,075 

947 

7,687 

29 



Tlic work on this contiuct was (completed on December 8. The 
maximum force cmplo^'cd was Miy men and {)4 horses, for the week 
ending Juno 18. 

IVeaftiieitf of Jiffv/i Hi Ciit^tff Trenvh. 

As before stated, this work was iK'gun on Mai*ch 31, and ^vas done 
largely by a daj'- labor force, though at times the contractor fur- 
nished a portion of the nion. After the trench was excavated to 
rock by the contractor, all loose and broken rock was removed by 
means of bars and wedges. The surface of the rock was then care- 
fully cleaned with brooms, and washed oft', by means of a hose, 
yath. water under a considerable pressure, a pipe line 3,180 feet 
long having been laid and connected with the water system of the 
town of Clinton, to furnish the water. All seams were carefully 
cleaned out and filled with rich Portland cement mortar, or, if large, 
with stone laid in mortar. Rubble masonry was built under all 
overhanging rock which could not be removed with bars and wedges. 
The entire surface treated was then covered with a thick Portland 
cement grout, composed ot equal parts of cement and fine sand, 
which was applied by a broom, the surface of the rock being first 
wet. The total length of cut-off trench treated in this way was 
1,884 feet, and the area treated was 42,280 square feet. The bot- 
tom of the trench at the lowest point is 50 feet below full-reservoir 
level. The work was finished May 21. 

The maximum force employed was 68 men, for the week ending 

April 30. 

Clixtox Seweragp: Settling Basins. 

Eight settling basins have been added to the Clinton sewerage 
system. These basins are located immediately south of the filter- 
beds, alongside and east of the 24-inch vitrified pipe main which 
conducts sewage to the filter-beds. Each basin has a capacity of 
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about 237,000 gallons, is about 320 feet long, and has a width at 
the water line of about 33 feet, the basins being separated from 
each other by longitudinal banks of soil, which have side slopes of 
iy2 horizontal to 1 vertical. When the basins are in operation the 
sewage will have an average depth of about 4 feet below the over- 
flow. The basins are built mostly above the original surface of the 
ground, the surface soil forming a bottom which allows but little 
water to pass through. Running under the longitudinal bank& 
which separate the basins are 6-inch vitrified pipe underdrains, the 
bottoms of which are 2 feet below the bottoms of the basins. These 
underdrains are intended to intercept any water which may pas& 
through the soil which forms the bottoms and sides of the basins, 
and convey it to some small filter-beds where it can be refiltered^ 
These sinall filter-beds have an aggregate area of .83 acres, and the 
soil removed in preparing them, together with 6 inches of soil from 
the six beds of the existing system from which the soil was not 
removed when they were built, was used for constructing the bank& 
which form the basins. Each basin has inlet and outlet structures^ 
built of Portland cement concrete, which contain gates for con- 
trolling the flow of sewage and for emptying the basins. The 
basins are so arranged that all or a part of the sewage can be passed 
through them, or all of it can be delivered as formerly directly ta 
the filter-beds. 

The principal quantities of work done were as follows : — 

Earth excavation (cubic yards), .... 
Portland cement concrete 1 : 2i : 4i (cubic yards), 
24-inch vitrified pipe laid (linear feet), 
l«-jnch vitrified pipe laid (linear feet), 

8-inch vitrified pipe laid (linear feet), 

6-inch vitrified pipe laid (linear feet), 

The cost of this work, which was done by a day-labor force be- 
tween September 1 and November 3, including engineering, waa 
$7,242.13. The maximum force employed was 40 men and 16 
horses, for the week ending October 1. 

Relocation of Central Massachusetts Railroad. 

No contract work has been done on the relocation of the Central 
Massachusetts Railroad during the year. A day-labor force has 
graded the approaches to and built an overgrade timber bridge 
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across the railroad at a farm crosning on the Moran land near 
West Berlin. Tho t^nds of this bridge arc 8up|M>rted on masonry 
abutments, and the tim)>er bents on masonry piers built of Port- 
land cement concrete. A duy-labor force has also built two catch- 
basins, and laid 210 feet of lO-inch Akron pipe to provide drain- 
age for the roadwa}' at the undergrade highway crossing near West 
Berlin. 

The maximum force em[)lo3'ed was H4 men and 7 horses, during 
the week ending June 25. 

lioADS AM) BuilKiES. 

When Boylston Street was constructed in a new location, in 1898, 
a temporary bridge was built over a portion ot the Central Massacha- 
setts Railroad, which has since been discontinued. This bridge was 
removed and a ])ermaiicAt embankment has been built in its place. 
About 3,100 cubic yards of earth were handled in making the em- 
bankment. A culvert, consisting ol 120 linear feet of 24-inch cast- 
iron pipe, was built at this place. 

MOKTAK EXPEUIMEXTS. 

Mention was made in the last annual report of experiments made 
to determine the effect ol the addition of salt to mortar where not 
subjected to freezing, the salt being added in the proportion of 4 
and 8 pounds per barrel of cement. In this series of experiments 
360 briquettes were made, but only part of them had been broken 
at the time of the last report. All of these briquettes have now been 
broken, and the results obtained indicate that mortar to which salt 
has been added in the proportions mentioned is about 20 per cent, 
stronger than when salt has not been used. 

Cement Tests. 

The usual tables of tests of cements used in the dam and other 
works at the Wachusett Reservoir and in the Weston Aqueduct may 
be found in Appendix No. 2. 
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WESTON AQUEDUCT DEPAKTMBNT. 

(Horace Ropes, Department EDgineer to May 25, when the department waa abolished, and the work 
remaining to be done was placed in charge of Dexter Brackett, Engineer of the Sudbury and Dis- 
tribution Departments.) 

At the end of the year 1903 the Weston Aqueduct and Reservoir 
were so nearly finished that they had been placed in service. The 
only contract work remaining to be done was at the Weston Reser- 
voir, where the work was chiefly the spreading of loam over the 
surfaces of embankments and the completion of the screen-chamber. 
Along a large part of the aqueduct and around the reservoir there 
remained the final grading and seeding of embankments, the build- 
ing of fences and the setting of stone bounds. All of this work 
has been completed during the year. 

The engineering force engaged upon the work numbered 36 at 
the beginning of the year and 1 at the end of the year. In the 
early part of the year the force was employed in the preparation of 
final estimates of the work done under contracts and upon record 
plans. The principal engineers completed their work as follows : 
Marshall Nevers, division engineer, April 2 ; Dan B. Clark, divi- 
sion engineer, April 16; George W. Booth, division engineer, 
August 9 ; Walter W. Patch, assistant engineer in charge of records, 
drafting and computing at the Saxonville office, June 30. George 
A. Winsor, assistant engineer, has continued on the work through- 
out the year. 

The branch office at Wayland was discontinued on February 29, 
the Saxonville office on June 30, and the Weston office on July 16. 

Contracts. 

Nawn & Brock, contractors for Section 14 of the Weston Aque- 
duct (open channel) and sections 1 and 2 of the Weston Reservoir, 
resumed the work of grading the embankments near the channel 
and reservoir on April 9, and completed all the work under their 
contracts on May 20. It was not feasible, on account of the cold 
weather in December, 1903, to remove the earth from the surfaces 
of the rock in the reservoir as thoroughly as was desired, and early 
in April the water in the reservoir was drawn down about 9 feet, 
and all rock surfaces to a depth of not less than 6 feet below the 
full-reservoir level were thoroughly cleaned. 
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The princi{)al quantities of work |KTformc<I under these contracts 
were as follows : — 



Clearing and grubbing (acres), . 
Earth excavation (cubic yani'*), . 
Rock excavation (cubic yards), .... 

Riprap (cubic yards), 

Slope paving (cubic yard.s) 

Portland cement concrete masonry (cubic yard**), 
Ashlar masonry (cubic yards), .... 
Dimension stone masonry (cubic yards), . 



57 

639^90 

8,252 

3,235 

1,171 

3^ 

46 

89 



The total value of the work done, as shown by the final esti- 
mates, was $247,11)8.07. 

The Woodbury cSc Leighton Company, contractors for the ctiannel 
and screen-chambers, resumed work on the screen-chamber, and 
completed it on April 8. The amount of their contract was 
$12,484.75. 

Additional Wouk ox A<iUEDrcT and Reservoir. 

Early in the spring the work of building fences, setting stone 
bounds, grading and seeding the aqueduct embankments and the 
gi'ounds. around the reservoir was resumed, and continued until the 
latter part of October, when the work was finished. This work 
was done by day- labor forces, under the direction of Mr. Winsor 
and the superintendents of the Sudbury and Distribution Depart- 
ments. It included the building of 8(),543 feet of fences, the grad- 
ing and seeding of 8() acres of land, the setting of about 600 stone 
bounds, the surfacing of a driveway 1,600 feet long from Xewton 
Street to the screen-chamber at the Weston Reservoir, the excava- 
tion of 2,100 linear feet of drainage ditches, the laWng of 230 feet 
of 10-inch Akron pipe at the reservoir, and the construction of a 
paved channel 735 feet long near the westerly portal of tunnel No. 
2, for the purpose of preventing the washing of the slopes by surface 
water. 

Gages for indicating the elevation of the water have been placed 
in the channel and screen-chambers at the Weston Reservoir, and in 
the terminal chamber of the aqueduct. Recording gages, one show- 
ing the elevation of the water in the aqueduct and one the depth of 
water on the measuring weir, have been placed in the head chamber 
near the Sudbury Dam. 
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Large gates provided with hoisting appamtus have been set in the 
siphon chambers, and stop-planks have been made for use at other 
chambers. 

Quantity and Cost of Work done in constructing Aqueduct, 

Reservoir and Supply Pipe Line. 

The following tables show the quantities and the cost of the work 
done in the construction of the aqueduct, reservoir and supply pipe 
line. It is a summary of the contract work, made from the final 
estimates, and does not include the work done by the contractors 
as extra work, or the engineering or the preliminary and additional 
work done by day-labor forces. 

Quantities and Cost of Work done in the Construction of the Weston Aqueduct. 



Class of Work. 




Cost per 
Unit. 



Earth excavation (cubic yards), 

Borrowed earth (cubic yards) 

Overhaul (cubic yards) 

Rock excavation (cubic yards) 

Tunnel excavation (cubic yards), 

Dry filling over arch in tunnel (linear feet), .... 

Tunnel drainage (linear feet), 

Brick masonry not in tunnel (cubic yards), .... 

Brick raasonry in tunnel (cubic yards), 

Natural cement concrete masonry not in tunnel (cubic yards), 
Portland cement concrete masonry not in tunnel (cubic yards) , 
Portland cement concrete masonry in tunnel (cubic yards), . 

Dimension stone masonry (cubic yards) , 

Ashlar masonry (cubic yards), 

Face dressing of pointed work (square feet), .... 
Face dressing of six-cut work (square feet), .... 
Dry rubble stone masonry and paving (cubic yards), 

Riprap (cubic yards), 

Lumber (feet B. M.) 

Furnishing and laying 7.5-foot steal pipe (linear feet), . 

60-inch Venturi meters, 

Superstructures, 



Iron and steel work, including 60-inch and 48-inch pipes between Bud- 
bury Dam and head<house, pipes for culverts, castings for siphon 
chambers, blow-off pipes for siphons, valves and steel and iron work 
for connections and chambers, including, generally, the cost of haul- 
ing and laying or placing same, ... i ... . 



650,231 

321,245 

380,813 

46,735 

66,201 

11,838 

12,165 

14,210 

76 

72,193 

57,883 

22,451 

875 

81 

7,560 

162 

1,077 

1,065 

107 

4,756 

2 

11 



$232,588 

79,126 

4,396 

76,735 

391,162 

9,819 

3,485 

160,379 

912 

286,650 

314,120 

134,575 

13,805 

1,777 

3,599 

113 

3,309 

2,488 

3,216 

101,306 

7,200 

70,384 



70,000 



$0 36 
24 

01 

1 64 
5 91 
83 
29 

11 29 

12 00 
3 97 

5 43 

6 99 
36 81 
21 94 

48 
70 
3 07 

2 34 
30 05 
21 30 

3,600 00 
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Quantities and Coat of Work done in the Constructiftn of the Wettan Remr- 

voir^ including the Open Channel, 



Class or Work. 



Clearing and grabbing (acres), 

■ 

Earth excavation (cubic yards), 

Earth excavation for drain (cnbio yards) 

Rock excavation (cubic yards) 

Rock excavation for drain and core wall (cubic yardi*), . 

Cleaning surface of rock (square yards) 

Portland cement concrete masonry (cubic yards) 

Dimension stone masonry (cnbic yards), ...... 

Ashlar masonry (cubic yards), 

Face dressing of pointed work (square feet), 

Slope paving (cubic yards), 

Riprap (cubic yards), 

Furnishing and laying 18-inch and 20-inch vitrified pipe (linear feet), 



Quantity. 




Cofftper 
Unit. 



87 


$»,U9 


641,286 


108,166 


6,8« 


4,206 


6,892 


8,184 


2,360 


6,000 


6,162 


6t6 


3,687 


18,346 


80 


1,104 


46 


880 


1,086 


425 


1,171 


4,684 


8.286 


8,236 


206 


740 



$101 St 
081 
080 
188 
260 
10 
6 10 
80 00 
18 06 
41 
400 
100 
2M 



Quantities and Cost of Work done vpon the Supply Pipe Lines from the 
Weston Aqueduct to Main Pipes near Chestnut Hill Reservoir, 



Class of Work. 



Quantity, 




Cost per 
Unit. 



OO-lnch cast-iron pipe from terminal chamber, Weston Aqueduct, to 
west bank of Charles River (linear feet) 

3 lines 60.inch cast-iron pipe under Charles River, laid in coffer.dam 
and covered with concrete, each line 346 feet long, equivalent to 
(linear feet) 

48-inch cast-iron pipe, Charles River to Chestnut Hill Reservoir,' includ- 
ing cost of resurfacing roadways and changing drains and water pipes 
by city of Newton (linear feet), 

Driveway from Loring Street to terminal chamber (linear feet), . 

Cost of removing rock, and incidentally of removing earih, so that a 
second pipe could be laid beside the 48-inch cast-iron pipe without 
blasting 

Total. 



1,603 


$32,643 


1,035 


43,262 


36,806 


436,617 


1,720 


2,008 


- 


11,670 


I 


$526,280 



$20 86 

4170 

1186 
122 



At the end of the year the Weston Aqueduct and Reservoir had 
not only been wholly completed, but settlements had been made for 
contracts, land damages and claims to such an extent that it is fea- 
sible to estimate with substantial accuracy that the final cost of the 
aqueduct, exclusive of the reservoir, will be $2,516,000, equal to 
$198,000 per mile, and of the reservoir $344,000, making a total 
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of $2,860,000. The total cost of the supply pipe line from the 
terminal chamber to a point near Chestnut Hill Reservoir will be 
substantially $H00,000. 

The State Board of Health, in its report upon a Metropolitan 
Water Supply, estimated the cost of the Weston Aqueduct at 
$3,226,000. This, however, was for an aqueduct having a capacity 
of 250,000,000 gallons per day, as against a capacity of 300,000,000 
gallons per day for the aqueduct actually built, and did not include 
a reservoir in Weston, which it was thought would not be necessary 
in the beginning, and might be built at a subsequent date. The 
only feature included in the State Board of Health estimate and 
omitted in the construction was one of the two siphon pipes, which 
will not be required for at least fifteen years. 

Taking the works as constructed, without making any allowances, 
the actual cost has been $366,000 less than the original estimate ; 
and, if an allowance is made for the reservoir which was constructed 
but not estimated, and for the siphon pipe which was estimated but 
not constructed, the difference between the actual and estimated cost 
of the whole work would be $580,000. A further allowance should 
be made because the aqueduct actually built has one-fifth more 
capacity than that estimated, but the amount of such an allowance 
cannot be readily determined. 

The cost per running foot or otherwise of different portions of 
the aqueduct and of the reservoir have been determined, with the 
following results, which include the cost of construction, engineer- 
ing and land, the expenses of administration, and all other cost 
except interest during construction : — 

Where the aqueduct is a tunnel, lined with concrete masonry, the 
cost for the portion which has a width of 10 feet was $39 per foot, 
equal to $207,000 per mile. 

For similar tunnels, which have a width of 13 feet 2 inches, the 
cost was $69 per foot, equal to $364,000 per mile. 

Where the aqueduct was built of masonry in a trench, and covered 
with earth, the cost for the portion which has a width of 10 feet was 
$23 per foot, equal to $120,000 per mile. 

Where it has a width of 13 feet 2 inches, the cost was $32 per 
foot, equal to $171,000 per mile. 

The two siphons, consisting of one pipe each, with the four siphon 
chambers, which were built for three pipes each, cover a total length 
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of 4,841 f(*et, and tlir cost wtis ^iii per foot, r<iual to $237,000 per 
111 lie. 

The siii<rle line of siplmn pipe, exelusive of the siphon cliaiiibers, 
eovers a total len<;th of \,l'2i} feet, and the eost with all appurte- 
nances wjw iiM\ per foot, equal to i^lin,()0O per mile. 

The o])en channel, 1 ,'MU\ feet lone;, which was excavated where 
the avenigc* depth of cutting was 15M ft»et, exclusive of the structures 
at its ends, eost $*^( per foot, and ex<*hisive of land damages $25 
per foot. 

The Weston Keservoir, which eost ?.*)44,O()0, including the screen- 
ehanilier at its lower end, serves as a substitute for 4,000 feet of 
aqueduct, and its oost was iH{] pc^r linear foot. As a reservoir its 
available capacity'- is about 200,000,000 gallons, making the cost j^er 
million gallons $1,720. 

DISTRIBUTION DEPARTMENT. 
Dextkr Brackett, Department Engineer. 
A considerable })art of the time of the de}iartment engineer and 
his assistants has been spent upon the preparation of plans, statistics 
and estimates in connection with the suit brought by the cities of 
Maiden, Medford and Melrose for damages on account of the takitig 
of Spot Pond. A considemble part of the time of the assistants has 
also been taken up in making record plans of work done in previous 
years. There has been no actual work chargeable to construction, 
except the placing of a Venturi meter. 

OPPICB FORCE. 

Frank T. DA}iJFA.Si, Principal Office Assistant; Samuel E. Killam, Q^ee 

Assista7il, 

The following is a statement of the more important vrork upon 
which the drafting dei)artment has been engaged during the year. 

For th(» Wachusett Keservoir, working drawings were made for 
the Maiden Brook culvert and for the false works for the West 
Bojdston arch. 

For the Wachusett Dam there have been made general plans and 
details of the ])asti()n and abutment at the ends of the dam, of the 
upper gate-ehamber, of the highway bridge over the lower end of 
the waste (*hannel, of seveml retaining walls, of flights of steps 
leading from the bottom of the valley up the hillsides to the ends 
of the dam, plans for grading and drainage about the dam, details of 
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steel trestles for a foot bridge along the waste-weir, of steelwork for 
the bastion and upper and lower gate-chambers, of wooden gates 
and of bronze stop-plank grooves. A direct steam heating plant for 
the lower gate-chamber was designed, and the necessary drawings 
for its installation were furnished. 

In connection with the relocation of the Central Massachusetts 
Railroad, detailed drawings were made for a masonry skew-arch 
railroad bridge over the upper end of the waste channel. The gen- 
eral design for this bridge and for the highway bridge over the waste 
channel were furnished by Olmsted Brothers, landscape architects. 
A set of 12 plans, showing in detail the relocated portions of the 
railroad and tracings of the same, were completed, together with a 
profile, and sent to the Boston & Maine Railroad. 

Other drawings made included drawings for the screening appar- 
ratus at the head chamber of the Weston Aqueduct, and a drawing 
for the extension of the Clinton sewerage works. 

The whole number of finished drawings completed during the 
year is 123. Besides these, various studies and minor drawings 
were made and a few drawings were changed to adapt them to serve 
as record plans. 

The force employed in the drafting department numbered 7. 

Samuel E. Killam has had charge of the general office, where the 
work is of a varied character, such as making miscellaneous inves- 
tigations and computations, procuring supplies and making blue 
prints. Mr. Killam has also had general charge of the photo- 
graphic work. 

Accidents. 

Five fatal accidents have occurred during the year, three at the 
Wachusett Dam, one upon the railroad from the quarry to the dam, 
and one upon the Wachusett Reservoir. 

The first four accidents occurred in connection with the work of 
the McArthur Brothers Company. At the dam a masonry inspector 
had the bone of his thigh broken by being caught between a stone 
which was being raised and the masonry of the dam, and as a result 
of his injuries died thirteen weeks later ; a masonry foreman was 
killed by the falling of the boom of a derrick ; and a laborer by 
the falling of a large stone which slipped from the grab-hooks. A 
blacksmith was killed by a collision on the quarry railroad. On 
Section 8 of the Wachusett Reservoir a laborer was killed by falling 
under a train on the contractor's railroad. 
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maintexa\(;e. 

(This report upoD mAlotcoiiDca h%» been oompiled from reports prepared by tbe eBglneers In efauf* 
of the various departmeots of the worka.) 

The Wachusett Reservoir lias been filled during the year to a 
greater extent than heretofore, and therefore is to a larger extent 
in the charge of a maintenance force; otherwise the works main- 
tained and operated in 1904 are the same as at the end of the pre- 
ceding year. 

Organization of Maintenance Force. 

There has been an important change in the organization of the 
maintenance force during the year, as already indicated briefly in 
the beginning of my report. The Sudbury and Cochituate works, 
which, after the resignation of Desmond FitzGerald, had no depart- 
ment engineer in charge, were on March 10 placed under the charge 
of Dexter Brackett, who was also at tliat time given the charge of 
the maintenance of the Weston Aqueduct. 

Charles £. HAberstroh, assistant superintendent of the Sudbury 
Department, has charge of the maintenance and operation of the 
works on the Sudbury River and Lake Cochituate, the Cochituate 
and Sudbury aqueducts and the Weston Aqueduct, from the Sud- 
bury Dam to the Weston ReseiToir. 

George E. Wilde, assistant superintendent of the Distribution 
Department, has charge of the maintenance and operation of the 
Weston Reservoir, of that portion of the Weston Aqueduct between 
the reservoir and the terminal chamber in Weston, and of all the 
reservoirs and pipe lines within the Metropolitan District. 

John W. Lynch, engineer of the pumping stations, has continued 
in direct charge of the pumping stations at Chestnut Hill, and has 
had general supervision of the mechanical work at the other pump- 
ing stations of the Distribution Department. 

William E. Foss, division engineer, has had special charge of 
investigations relative to injury of water pipes by electrolytic action. 

Caleb M. Saville, division engineer, has continued in charge of 
the operation of Venturi meters in the Metropolitan District. 

Alfred O. Doane, division engineer, has continued in charge of 
engineering work connected with the maintenance and operation 
of the pumping stations and pipe lines. 
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The force employed on maintenance, including the permanent 
force, the additional tempoitiry forces engaged from time to time 
on special work, and such of the engineers as devoted most of 
their time to maintenance, averaged 220. The maximum number 
employed at any one time was 291. 

Rainfall and Yield. 

The total rainfall for the year on the Sudbury watershed has 
been 3.4 inches below the average, the deficiency occurring wholly 
in the last three months. The yield of the watersheds has been 
somewhat below the average, but the deficiency occurred at such 
times that there was no unusual lowering of the reservoirs. Sta- 
tistics relating to rainfall and yield of watersheds may be found in 
Appendix No. 3, tables Nos. 1 to 11. 

Storage Reservoirs. 

The quantity of water stored in all of the storage reservoirs on 
January 1, 1904, was 13,136,900,000 gallons. On account of the 
extremely cold weather during the months of January and February 
the flow of the streams was small, and there was a constant lowering 
of the reservoirs until February 22, when they reached the lowest 
point, and contained 10,550,000,000 gallons. 

During March the reservoirs filled rapidly, and early in April 
were as full as it was desirable to hold them until the freshet season 
was over; subsequently they were filled gradually, reaching the 
maximum storage of a little more than 26,000,000,000 gallons on 
June 8. 

Until the middle of September there was an almost continual loss 
of storage, when the heavy rainfall on September 14 and 15 caused 
a gain of 1,100,000,000 gallons in a period of three days, after 
which the quantity stored again diminished continuously until De- 
cember 27. During the last few days of the year there was a slight 
gain, and at the end of the year the quantity stored was 15,638,- 
100,000 gallons. 

The following table gives the quantity of water stored in the 
storage reservoirs at the beginning of each month : — 
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Quantity of Water tutored in Wachuaett Reservoir^ and in Reservoir 8 on Sud- 
bury and Cochituate Watersheds^ at the Beginning of Each Month, 



Date. 






Id 
Wachasett 
Reaervolr 
(OalloDa). 


Id Sudbury 
Reaervoir aud 

FramiDffbam 

Reaervoir No. 8 

(Qallooa). 


Id All Other 

Storafe 
Reaervolra 
(Gallona). 


Total 
(Oalkina). 


1904. 

JaDoary 1, 


1 • • 


1.780,100.000 


6,226.600,000 


6.160.200,000 


18,186,900,000 


February 1, 






• 


1,374,600.000 


4,626,600,000 


6,811.800,000 


11,818,000,000 


March 1, . 






k • • 


1,098,600,000 


6.196,100,000 


6,472,000,000 


11,706,600,000 


April 1, . 










8,385,000,000 


7,666,900,000 


6,898,100,000 


22,060,000,000 


May 1. . 










9,863,100,000 


8,112,800.000 


7,460,600,000 


26.486,400,000 


JoDe 1, 










10,107,500,000 


8,880,400,000 


7,626,600,000 


26,018.600,000 


July 1, 










9,401,900,000 


8,200,900,000 


7,640,200,000 


25.148,000.000 


Auguat 1, . 










7,886,800,000 


8,218,900,000 


7.S84.900.000 


28,889,600,000 


September 1, . 










6,807,300,000 


7.961.700.000 


6,608,700,000 


21,262.700,000 


October 1, 










6,869,400,000 


7,726.600,000 


6,976,700,000 


20,670,600,000 


November 1, 










7,192,800,000 


6,669.600,000 


6,320,000.000 


10,172,400.000 


December ] , 










6.961,500,000 


6.419,100.000 


4,310,700,000 


17,681,800,000 


1 
January 1, 


1009 


• 






4,409,600,000 


7,912,600,000 


3,316,000,000 


16,638,100,000 



Wachusett Reservoir. — At the beginning of the year work on 
the Wachusett Reservoir was so far advanced that it was possible to 
store water to elevation 331.50, which is 47.50 feet above the bottom 
of the 48-inch cast-iron pipes through the dam. The dam itself was 
enough higher to permit the water to be safely raised to this height. 
It was raised nearly to the full height early in April and to the full 
height in the middle of May, where it was maintained until June 11. 
When at elevation 331.50 the reservoir contained 10,117,000,000 
gallons of water. Most of the time after June 11 water was drawn 
from this reservoir in sufficient quantities to keep the Sudbury Res- 
ervoir nearly full, but for about a month, beginning October 20, the 
flow was stopped, to permit the Sudbury Reservoir to be drawn down. 
At the end of the year the water was 33 feet above the bottom of 
the 48-inch pipes, and the reservoir contained 4,409,600,000 gal- 
lons of water. Between April 26 and 29 there was a rainfall of over 
4 inches, which raised the water in the reservoir temporarily to ele- 
vation 331.89. At this time the gates which control the flow of 
water through the four 48-inch pipes which pass through the dam 
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were fully opened, and the water flowed through at the rate of 
1,231,000,000 gallons per 24 hours. Water was wasted into the 
river below the dam, because of lack of storage capacity, on 43 
days between April 9 and June 11, the total amount of waste being 
about 8,600,000,000 gallons. 

Sudbury Reservoir. — At the beginning of the year the water of 
this reservoir was at elevation 252.63, which is 6.37 feet below the 
stone crest of the dam. The lowest level during the year was 
reached on January 28, when the water stood at elevation 249.82. 
During February and March the reservoir was filling, and on April 
4 the water reached the level of the crest of the dam. The reservoir 
was kept substantially full from that time until October 1. During 
October and November the water was lowered about 6 feet, in order 
to facilitate the laying of a water pipe across the reservoir at the 
Burnett estate in Southborough. On the completion of this work 
the reservoir was again filled, and on January 1, 1905, the water 
stood .18 of a foot above the stone crest of the dam. 

The driveway from the highway to the Sudbury Dam, which had 
been badly worn by heavy teaming during the construction of the 
Weston Aqueduct, has been thoroughly repaired. A wooden build- 
ing, 58 feet by 22 feet, arranged for a workshop and for the storage 
of tools and vehicles, has been added to the group of buildings near 
the Sudbury Dam. The house, barn and shed at the dam, and the 
house on the Bigelow place, have been painted. 

A swampy area on the west side of Maple Street in Marlborough 
was, at the request of the city authorities of Marlborough, filled to 
about 12 inches above the ordinary water level. For this purpose 
221 cubic yards of material were purchased, and the balance required 
was obtained by cutting down the higher ground to about the level 
of the filled area. 

The Marlborough Brook filter-beds have been in service through- 
out the year, and have filtered all of the water received from the 
brook except for parts of six days during freshets. The beds were 
cleaned during the year, and the dirty sand, including sand from two 
previous years' cleaning of the artificial beds which had been left at 
the sides of these beds, was removed to a spoil bank. A layer of 
clean sand 2^ inches thick was spread on the surface of beds Nos. 1 
and 2 and on one-half of bed No. 5. The settling reservoir was also 
emptied and cleaned. 
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The analyses which have been made monthly by the State Board 
of Health of the water before and after passing through the filter- 
beds show that the water has been generally satisfactorily purified 
by the filters. 

Additional storage for water discharged by the brook during 
freshets has been provided by the enlargement of storage basin No. 
18, increasing its capacity from 2,600,000 gallons to 9,000,000 gal- 
lons. The embankments surrounding the basin, 3 feet wide on top, 
with slopes of 3 horizontal to 1 vertical, were constructed of material 
excavated from the interior of the basin, and the inner slopes pro- 
tected with stones taken from the excavation. About 3,300 cubic 
yards of material were moved in doing this work. The basin is 
connected by means of a 12-inch cast-iron pipe 210 feet long with 
the artificial filter-beds Nos. 12 and 17, so that about 8,500,000 
gallons can be drawn from the basin to filter-beds Nos. 5, 6, 11, 12, 
15 and 17. 

The combined storage reservoir and filter-bed for taking care of 
the overflow from the Marlborough Brook main sewer during times 
of freshet has taken care of all the overflow during the year. For 
the greater portion of the time from February 22 until May 7 there 
was a flow from the sewer to the bed, although for a portion of this 
time the flow was due to the entrance of ground water into the 
overflow sewer. After May 7 there was a very small flow of ground 
water for some time. The largest quantity of diluted sewage stored 
was on April 30, when it reached elevation 270, which is 3.25 feet 
below the overflow into an additional storage area. 

As the sewage flowing in the open channel from the end of the 
overflow sewer to the filter-bed gave some offence to the people 
residing in the house on the opposite side of Farm Road, an 18-inch 
Akron pipe 212 feet long was substituted for the open channel. A 
channel was also dug from that part of the bed into which the 
sewage first enters to the lower bed, so that the upper bed can be 
drained when desired. An 8-inch tile drain, 385 feet long, was 
built on the east side of Farm Road, near the toe of the filter-bed 
embankment, to carry away the water which percolates through the 
embankment, and the travelled portion of the road was raised about 
1 foot for a distance of 300 feet. 

Framingham Reservoir JVb. 3. — This reservoir was kept at or 
near high-water mark during the whole year. 
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Framingham Reservoir No, 2, — This reservoir was kept practi- 
cally full throughout the year. No water was drawn from it for the 
supply of the Metropolitan District until August 30, but after that 
date a portion of the supply was drawn from this source almost 
continually until the end of the year. While water was being 
drawn from the reservoir the surface was kept near high- water mark 
by drawing water from the Ashland, Hopkinton and Whitehall reser- 
voirs. On several days between September 14 and 21 water was 
drawn from the reservoir and discharged into Lake Cochituate. 

Framingham Reservoir JVb. 1, — This reservoir was kept full and 
water was wasted over the dam from the beginning of the year until 
September 1. From September 14 to 18, inclusive, and September 
21 to 23, inclusive, and on November 29 and 30, water was draWn 
from the reservoir and discharged into Lake Cochituate. 

Repairs have been made to the paving in the channel of the Sud- 
bury River below Framingham Dam No. 1, which had been displaced 
by the action of the water during freshets. The paving from the 
dam to a point below the Winter Street bridge has been relaid, and 
the interstices between the stones filled with fine Portland cement 
concrete. Below the bridge the paving was not relaid, but concrete 
was placed between and on the stones, making the bottom of the 
channel smooth. A large hole in the bed of the river, just below 
the paving, was partially filled with gravel excavated near by. At 
the upper end of the reservoir the water overflowing at the dam of 
Framingham Reservoir No. 3 had gradually excavated a hole which 
threatened to undermine the original 48-inch pipe-line leading from 
Framingham Reservoir No. 3 to the dam of Reservoir No. 1. The 
hole has been partially filled with gravel, and the surface covered 
with riprap to protect it against washing in the future. There were 
1,016 feet of wire fence built on the property line between the land 
of the Commonwealth and land of Adnah Neyhart. 

Ashland Reservoir. — At the beginning of the year the water in 
this reservoir was 4.33 feet below high vvater. Early in April the 
water reached the level of the overflow, and the reservoir remained 
substantially full until the last of August. During September, Oc- 
tober, November and December water was drawn from the reservoir, 
and on December 27 its surface had been lowered to 192.73, or 
32.48 feet below high water. At the end of the year it was 31.34 
feet below high water. The joints between the coping stones of the 
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side-walls of the wasteway at the dam have been cut out and re- 
pointed. 

HopJcinton Reservoir. — This reservoir was 5.16 feet below high 
water at the beginning of the year. It was full on May 1, and re- 
mained practically full until the first week in September. During 
the last four months of the year water was drawn from this reservoir, 
and on December 27 the surface was 32.6 feet below high water. 
About one-third of the water drawn from the reservoir was filtered. 
The filter-beds were cleaned in June. 

\V7ntehall liesei^'oir. — This reservoir has been kept practically 
full, and was not drawn upon until December 16. From that date 
until the end of the year 20,000,000 gallons per day were drawn, 
lowering its surface about 1 foot ; and on January 1, 1905, it stood 
at elevation 336.74, or 1.17 feet below high water. 

Farm Pond, — Farm Pond was practically full during the first 
half of the year, but was then gradually drawn down until the 
middle of September, when it was 1.25 feet below high water. It 
was then partially refilled with water drawn from Framingham Res- 
ervoirs Nos. 1 and 2. No water was drawn from the pond during 
the year for the use of the Metropolitan District, and it was not 
necessary to waste any into the Sudbury River. 

Lake Cochituate. — Lake Cochituate at the beginning of the year 
was 1.94 feet below high water. It fell during January and Feb- 
ruary, and was 4.56 feet below high water on February 22. It was 
filled by May 6, and was kept practically full until July 26. The 
surface then fell steadily until September 14, when the surface was 
3.85 feet below high water. Water was then turned into the lake 
from Framingham Reservoirs Nos. 1 and 2, raising its surface on 
October 10 to within about 1 foot of high water. The lowest point 
reached during the year was 5.12 feet below high water, on Decem- 
ber 17. Water was wasted at the outlet dam in varying quantities 
during March, April, May and June. Water was drawn from the 
lake for the supply of the Metropolitan District from January 1 to 
April 3, April 6 to 9, April 11 to 17, April 18 to 25, May 3 to 7, 
July 3 to 7, July 26 to August 2, and August 6 to December 19. 

All of the joints in the exterior stonework of the aqueduct gate- 
house were cut out and repointed, and two cornice stones which 
were damaged by fire several years ago were replaced by new stones. 
A damaged composition stem of one of the aqueduct gates was 



No. 57.] AND SEWERAGE BOARD. Ill 

replaced by a steel stein furnished by the Coffin Valve Company. 
The foreman's house was painted two coats, and a trussed wire fence 
592 feet long was built along the road near the house. 

No water was drawn from Dudley Pond into Lake Cochituate. 
At the beginning of the year the pond was 3.41 feet below high- 
water mark. The highest elevation was 155.11, or 1.35 feet below 
high water, and the elevation at the end of the year was 153.12. 

The surface of Dug Pond has varied between 1.5 feet above and 3 
feet below the invert of the 18-inch overflow pipe. 

The Pegan Brook filter-beds have been in use throughout the year 
whenever there was water to filter. Water was pumped to the beds 
during 183 days from the reservoir on Pegan Brook or from the new 
reservoir at the end of the intercepting ditch which collects water 
from the brooks formerly draining into Pegan Brook meadow. The 
total quantity of water pumped during the year was 223,402,500 
gallons, of which 150,650,500 gallons was from Pegan Brook and 
72,752,000 gallons from the intercepting ditch. The total quantity 
of coal consumed was 1 1 3,941 pounds, so that 1,961 gallons of water 
were pumped per pound of coal. The cost of operating the pump- 
ing station and caring for the filter-beds and grounds was $3,088.16, 
making the cost per million gallons pumped $13.82. 

Sources from which Water has been taken. 

An average of 88,554,000 gallons per day was drawn from the 
Wachusett Reservoir through the Wachusett Aqueduct into the Sud- 
bury Reservoir. An average of 30,575,000 gallons per day was 
drawn from the Sudbury Reservoir through the Weston Aqueduct 
into the distribution system of the Metropolitan District. From 
Framingham Reservoir No. 3 an average of 64,827,000 gallons per 
day, and from Framingham Reservoir No. 2 an average of 9,004,000 
gallona per day, was drawn through the Sudbury Aqueduct to Chest- 
nut Hill Reservoir. An average of 14,984,000 gallons per day was 
drawn from Lake Cochituate through the Cochituate Aqueduct to 
Chestnut Hill Reservoir. The Spot Pond di-ainage area furnished 

497,000 gallons per day. 

Aqueducts. 

The Wachusett Aqueduct has been in use 283 days during the 
year. It was very thoroughly cleaned between November 16 and 22. 
The work of repairing the transverse cracks in the aqueduct, due to 
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temperature changes, was in progress at the beginning of the year^ 
and was fully described in the last annual report. This work was 
carried on continuously until flanuary 2(), when it was finished. A 
force of about 26 men, consisting principally of masons who had 
been engaged during the warmer weather on the construction of the 
Wachusett Dam, was employed. The usual work of maintenance 
along the line of the aqueduct has been performed, and the aqueduct 
and its appurtenances are in excellent condition. 

The Sudbury Aqueduct was emptied for cleaning on May 5 and 
6, and again on May 12 and 13. On June 23 it was emptied for 
the purpose of examining the Waban Bridge, and from September 14 
to 18, from September 21 to 23, from October 2 to 9, and from 
October 23 to 30, it was emptied for the purpose of making repairs 
to and lining the aqueduct on the Waban Bridge. At times while 
the aqueduct was emptied for cleaning and for making repairs at the 
Waban Bridge, and also on November 29 and 30, water was run 
from Fitimiagham Reservoirs, Nos. 1, 2 and 3 through the aqueduct 
to Lake Cochituate. The total amount diverted to the lake was 
1,157,200,000 gallons, of which 963,200,000 gallons was drawn 
from Framingham Reservoir No. 1, 118,300,000 gallons from Fram- 
ingham Reservoir No. 2, and 75,700,000 gallons from Framingham 
Reservoir No. 3. The daily average flow through the aqueduct to 
Chestnut Hill Reservoir for the year was 73,831,000 gallons, which 
is 24,190,000 gallons less than the corresponding quantity for the 
preceding year. 

The leakage from the aqueduct at the Waban Bridge, due to cracks 
in the masonry, had increased during the past few years to such an 
extent as to cause a large loss of water, as well as to injure the 
masonry of the bridge by freezing during the winter. Upon ex- 
amination, the principal cracks were found to be in the invert two 
feet from the centre of the aqueduct. They were sometimes on 
only one side of the centre, but generally on both, and were directly 
over the joints between stones which cover drainage galleries beneath 
the aqueduct. As there were few if any cracks above the springing 
line of the upper arch up to the highest point reached by the water 
when the aqueduct is in use, the repairs which were made extended 
only from the bottom up to the springing line. This portion of the 
aqueduct for the entire length of the bridge, a distance of 562.25 
feet, was lined with sheet lead weighing 3^ pounds per square foot, 
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covered on the bottom with a protective layer of Portland cement 
concrete 1^ inches thick. The lead is held in place at the springing 
line by 2^ by 2 J^ inch angle irpns, secured by -^^ inch diameter yellow 
metal bolts set in the masonry. Rubber tubing was placed back of 
the angle irons between the sheet lead and the masonry, to act as a 
washer to prevent leakage. The sheets of lead 9 by 14 feet were 
connected by the process of lead burning so as to form a continuous 
sheet. The layer of Portland cement concrete 1^ inches thick was 
composed of fine material, in which was embedded expanded metal. 
Before the aqueduct was lined all cracks were pointed or grouted, 
and two coats of Portland cement wash were applied to the arch. 
All cracks in the aqueduct for 50 feet from both ends of the lining 
were cut out and pointed. The work has resulted in reducing the 
leakage to a very small quantity, which it is thought will cause no 
damage. 

While the work at the Waban Bridge was in progress, all the 
cracks in the interior masonry at the Echo Bridge over the Charley 
River were cut out and pointed. 

In September changes were made in the Beaver Dam Brook cul- 
vert, for the purpose of increasing its capacity. The work done 
consisted in the removal of portions of the masonry so as to enlarge 
the channels at the entrance and outlet, and in rounding the corners 
of other portions of the masonry so as to reduce losses of head. As 
the culvert is below the level of the water in the brook, it was nec- 
essary to operate a centrifugal pump while the work was in progress, 
to take care of the water. 

The joints in the masonry of 14 culverts between Waban Bridge 
and the west siphon chamber have been cut out and repointed. The 
iron gratings and beams in the siphon and waste-weir chambers, and 
the manhole covers, have been given two coats of paint, and the 
iron and wooden fences at both the Echo and Waban bridges have 
been given one coat. There were 1,575 feet of board fence built 
near the Course Brook waste-weir, and 250 feet at Harrison Street in 
Newton Highlands ; 440 feet of trussed wire fence were built in 
South Framingham, and posts set for 1,400 feet just east of Speen 
Street near the Course Brook waste-weir. 

An apparatus for rating current meters has been established at the 
side of the aqueduct embankment near the Farm Pond gate-house. 

During the year the city of Newton built a 48 by 53 inch brick 
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sewer under the aqueduct, about 500 feet east of Woodward Street. 
The invert of the sewer was 27 feet below the invert of the aqueduct, 
and the material underlying the aqueduct was very fine sand. In 
order to avoid any injury to the aqueduct, compressed air was used 
in excavating a tunnel under the aqueduct in which to build the 
sewer, and the work was- successfully accomplished. 

The Cochituate Aqueduct was in use 259 days. The interior of 

the aqueduct, with the exception ot the siphon pipes, was cleaned on 

April 28 to 30. The surveys for locating the aqueduct and deter- 

* mining the position of property bounds have been continued, and 

51 alignment bounds and 52 property bounds have been set. 

The Weston Aqueduct was in use 320 days. The flow was shut 
ofl* for about three weeks in April, in order to give opportunity for 
completing the Weston Reservoir. At this time several cracks in 
the aqueduct masonry on sections 10 and 15 were cut out and 
pointed, and the brick masonry on Section 15 was given a coat of 
cement wash. From June 16 to 20 the aqueduct w^as shut off while 
the concrete bottom and sidewalls of the terminal chamber were plas- 
tered for the purpose of preventing leakage. During the last two 
weeks of the year the aqueduct was emptied for the purpose of cut- 
ting out and pointing the fine transverse cracks in the concrete ma- 
sonry, caused by temperature changes. A force of 30 masons and 10 
laborers was engaged on this work, which will be continued for a 
month or more during the coming year. The methods employed 
for this work are the same as for similar w^ork at the Wachusett 
Aqueduct, described on page 151 of the last annual report. 

Pumping Stations. 

Seventy-four per cent, of all the water supplied to the Metropol- 
itan Water District has been pumped at the two stations at Chestnut 
Hill Reservoir ; the remainder was delivered by gravity. 

The total quantity pumped at all of the stations during the year 
was 34,962,090,000 gallons, or 6,854,110,000 gallons less than 
during the preceding year. The cost of operating the stations was 
$91,411.63, equivalent to $2,615 per million gallons pumped. Al- 
though the average height to which the water was pumped in 1904 
was 86.87 feet, as against 68.50 feet in 1903, there has been a 
decrease in the cost per million gallons pumped of $0,195, due to a 
reduction in the cost of repairs and fuel. 
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The cost per gross ton of fuel used at the Chestnut Hill high- 
service station was $1.41 less, at the Chestnut Hill low-service 
station $1.43 less, and at the Spot Fond station $0.92 less, than 
during the preceding year. This reduction was due both to the 
reduced price of coal and to the use of a larger proportion of 
anthracite buckwheat coal and screenings. 

Notwithstanding the use of a larger proportion of the cheaper 
grades of fuel, the duty developed by the engines at the Chestnut 
Hill and Spot Pond stations was between 3 and 4 per cent, greater 
than during the preceding year. 

Tests have been made to determine the viscosity, specific gravity 
and burning point of all oil, and the calorific value of all coal used 
at the several stations. 

Coal for use at the several stations has been purchased as fol- 
lows : — 



Gross Tons. 



CheatDut 

HUlHigb. 

•ervlce 

Station. 



CbeatDut 

Hili Low. 

service 

Station. 



Spot 

Pond 

Station. 



Weat 

Rozbary 

Station. 



Arling- 

ton 
Station 



Bay State Fuel Company, bitaminoua, . 
DartmoQtb Coal Company, bitumlnoua, 
Dartmouth Coal Company, bituminous, 
Henry T. Woods, bitominona, 
Henry T. Wooda, bitaminoua, 
Danrow-Mann Company, bituminoua, . 
Mnrrell Coal Company, bituminoua, 
Dartmouth Coal Company, bituminoua, 
Darrow-Mann Company, bituminoua, . 
Dartmouth Coal Company, bituminoua, 
B. B. Townaend, buckwheat anthracite, 
B. B. Townaend, buckwheat anthracite, 
B. B. Townaend, acreeninga, . 
B. B. Townaend, aoieeninga, . 
B. B. Townaend, acreeninga, . 
OiUeapie 8t Pierce, acreeninga, 
Bay State Fuel Company, acreeninga, . 
Locke Coal Company, bituminoua, 
Locke Coal Company, f creeninga, . 
D. J. Cutter & Co., anthracite, 
Peirce 8c Winn Company, bituminoua, . 
Wellington-Wild Coal Company, bitu- 

mtnoua. 
Peirce & Winn Company, acreeninga, . 

Total groaa tona, bituminoua, . 

Total groaa tona, anthracite, 

Total gross tons, anthracite screen- 
ings. 

Average price per gross ton, bitu- 
minous. 

Average price per gross ton, anthra* 
cite. 

Average price per gross ton, anthra- 
cite screenings. 



87.17 


56.01 


. 


. 


80.87 


- 


— 


. 


- 


181.90 


• 


. 


671. 6fl 


. 


— 


. 


. 


820.07 


• 


• 


919.08 


720.36 


. 


• 


SS2.ZI 


— 


• 


• 


1,081.25 


521.11 


. 


- 


- 


106.42 


- 


- 


- 


102.39 


• 


• 


493.08 


— 


— 


. 


- 


998.87 


- 


- 


- 


10.15 


- 


— 


20.54 


. 


— 


. 


.. 


77.30 


. 


- 


161.63 


2.49 


- 


— 


479.50 


— 


.. 


- 


. 


— 


700.00 


- 


_ 


_ 


414.68 


• 


- 


^ 


- 


M5.58 


- 


- 


- 


- 


8,023.09 


2,508.26 


700.00 


- 


493. 08« 


998.87* 


- 


285.58 


661.67 


89.94 


414.68 


- 


$4 31 


$4 35 


$4 40 


- 


3 28* 


3 08* 


- 


$7 86 


2 28 


3 21 


2 24 


- 



846.80 
22.43 

151.64 



868.73 

151.64 
$4 68 

2 24 



Price 

per Gross 

Ton. 



$5 36 



$7 28 and 
4 48 to 



4 
4 

4 
4 
4 
4 

4 
4 



3 
3 



79 
56 
48 
46 
36 
18 
15 
02 
3 98 
3 28 
08 
67 
3 44 
3 18 
24 
24 
40 
24 
56 
04 
76 



2 24 



* Buckwheat. 
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Chestnut Hill Iligh-service Station. 

The water used in the high-service district of Boston, in the city 
of Quincy and the towns of Watertown, Belmont and Milton, was 
pumped at this station. 

The following are the statistics relating to the operations at this 
station : — 



BDgioes 
Noc.landS. 



Bngiae 
No. 8. 



Engine 
No. 4. 



Total quantity pumped (oalllion gallons), . 
Daily average quantity pumped (gallons), 
Total coal used (pounds), . . . . 
Gallons pumped per pound of coal, . 
Average head pumped against (feet), 
Cost of pumping : — 

Labor, 

Fuel, 

Repairs, 

Oil, waste and packing, . . . . 

Small supplies, 

Totals 

Cost per million gallons pumped, 

Cost per million gallons raised 1 foot high. 



576.20 

1,574,000 

1,012,002 

568.12 

120.60 

$1,908 35 

1,866 74 

149 64 

64 52 

142 00 



$4,131 34 

$7,170 

.059 



202.86 

800,000 

279,676 

1,047.14 

127.90 

$473 27 

471 12 

844 10 

16 00 

22 03 



$1,326 52 

$4,529 

.085 



10,522.75 

28,751,000 

8,666,787 

1,215.56 

129.30 

$12,885 18 

15,118 17 

516 16 

438 64 

614 26 



$29,567 41 

$2,810 

.022 



Totals for 
Sution. 



11,391.81 

81,125.000 

9,949,81ft 

1,144.08 

128.83 

$16,266 80 

17,451 03 

1,009 90 

519 16 

778 38 



$35,025 27 

$8.07ft 

.024 



The quantity pumped was nearly 4 per cent, greater, and the cost 
per million gallons pumped was $1,704 less, than during the previous 
year. The greater part of the reduction in the cost of pumping was 
due to decreased cost of fuel and repairs. 

Chestnut Hill Loio-sei^ice Station. 

The quantity of water pumped at this station was 27.8 per cent, 
less than during the year 1903, the reduction being due to the use 
of the Weston Aqueduct. 

The following are the statistics relating to operations at this 
station : — 

Engines 
Kos. 5. 6 aud 7. 

Total quantity pumped (million gallons), 20,268.94 

Daily average quantity pumped (gallons), 65,380,000 

Total coal used (pounds), 8,662,868 

Gallons pumped per pound of coal, 2,339.75 

Average head pumped against (feet), 54.91 
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Cost of pumping . — Nosf Sfe^andj. 

Labor, 11^.^93 00 

Fuel, 16,720 63 

Repairs, . 1,190 77 

Oil, waste and packing, 522 54 

Small supplies, 837 21 

Total for station, 133,864 15 

Cost per million gallons pumped, 11.671 

Cost per million gallons raised 1 foot high, .030 

The cost per million gallons pumped was $0,176 more than for the 
year 1903. This was due to the decrease in the quantity pumped, 
and to an increase of 17 feet in the average head pumped against. 

Spot Pond Pumping Station, 

The 20,000,000-gallon Holly engine pumped all the water at this 
station. 

The following are the statistics relating to operations at this 
station : — 

Engine No. 9. 

Total quantity pumped (million gallons), 2,927.47 

Daily average quantity pumped (gallons), 7,999,000 

Total coal used (pounds), 2,462,802 

Gallons pumped per pound of coal, 1,188.67 

Average head pumped against (feet), 129.33 

Cost of pumping : — 

Labor ' . . |7,070 49 

Fuel, 3,990 00 

Repairs, 183 55 

Oil, waste and packing, 158 40 

Small supplies, 466 35 



Total for station, 111,868 79 

Cost per million gallons pumped, 14.054 

Cost per million gallons raised 1 foot high, .031 

The cost per million gallons pumped was $0.52 less than during 
the previous year, due to the reduction in the cost of fuel, and the 
use during the entire year of the more economical engine. 

West Roxbury Pumping Station. 

At this station water was pumped for supplying the higher por- 
tions of West Roxbury and Milton. 
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The following are the stAtisticd relating to operations at this 
station : — 

Pamps operated 6,668 hours ; average, 18 hours per day. 

Daily average quantity of water pumped (gallons), .... 604,000 

Daily average quantity of coal consumed (pounds), .... 1,683 

Gallons pumped per pound of coal 300 

Average lift in feet, 133 

Cost of pumping : — 

Labor, |2,960 14 

Fuel 2.054 84 

Repairs and small supplies, 298 OS 

Total for station, $5,312 61 

Cost per million gallons pumped, f 28. 799 

Cost per million gallons raised 1 foot high, .217 

The quantity pumped was 82,000 gallons per day, or nearly 20 
per cent, greater than during the year 1903, while the cost of 
operating remained nearly the same. The cost per million gallons 
pumped was $5.55 less than for the previous year. 

Arlington Pumping Station, 

All water supplied to the town of Lexington and to the high- 
service district of Arlington was pumped at this station. 

The following are the statistics relating to operations at this 
station : — 

Pumps operated 8,771 hours 30 minutes; average, 24 hours per day. 

Daily average quantity of water pumped (gallons) , .... 617,000 

Daily average quantity of coal consumed (pounds), .... 3,000 

Gallons pumped per pound of coal, 178 

Average lift in feet, . . 282 

Cost of pumping : — 

Labor, t3,089 68 

Fuel, . 1,989 08 

Repairs and small supplies, 262 80 

Total for station, t5.340 91 

Cost per million gallons pumped, 128.199 

Cost per million gallons raised 1 foot high, .100 

The cost per million gallons pumped was $3,766 less than during 
the year 1903, due to a reduction in the cost of fuel. 
The exterior of the building has been painted. 
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Consumption of Water. 

The daily average quantity of water consumed in the cities and 
towns supplied by the Metropolitan Water Works during the year 
1904 was 114,876,000 gallons, equal to 123.8 gallons per inhabitant 
in the district supplied. In addition to the above, 631,540,000 
gallons, equivalent to a daily average supply of 1,726,000 gallons, 
were supplied to the city of Cambridge. 

The consumption in the several districts was as follows : — 



Gallons 
per Day. 



Increase 

(aalloDS 

per Day). 



Southern low-service district, embracing the low-service district of Boston, 
with the exception of Charlestown and East Boston, 

Northern low-service district, embracing the low-service districts of Somer- 
ville, Chelsea, Maiden, Medford, Everett, Arlington, Charlestown and East 
Boston, 

Southern high-service district, embracing the high-service districts of Boston', 
Quincy, Watertown, Belmont, and a portion of Milton, 

Northern high-service district, embracing Melrose, Revere, Winthrop, Swamp, 
scott, Nahant and Stoneham, and the high-service districts of Somerville, 
Chelsea, Maiden, Medford, Everett and East Boston 

Southern extra high-service district, embracing the highest portions of West 
Koxbury and Milton 

Northern extra high-service district, embracing Lexington and the highest 
portions of Arlington, 

Totals, 



47,652,000 

27,630,000 
30,610,000 

7,963,000 
504,000 
517,000 



1 14,876,000 



3,024,000 

2,192,000 
1,083,000 

434,000 
82,000 
13,000 



7,728,000 



In June a portion of the Dorchester district of the city of Boston, 
containing about 9,000 people, was transferred from the southern 
low-service to the southern high-service district. With this excep- 
tion the area of the several districts remains substantially the same 
as in 1903. 

The increase of 7,728,000 gallons per day in the consumption 
during the past year was due to a great extent to the use of water to 
prevent freezing of service pipes during the unusually cold weather 
in January, February, March and December. In February the daily 
average quantity used was 139,941,000 gallons, which was 20,318,- 
000 gallons in excess of the quantity used in Februarys 1903 ; and 
the daily average for the months of January, February,* March and 
December was 13,445,000 gallons more than during the correspond- 
ing months of the previous year, while the increase for the remain- 
ing eight months of thayear was 4,886,000 gallons per day. 



120 METROPOLITAX WATER [Pub. Doc. 

During the past year continuous measurements have been made by 
means of Venturi meters of the water consumed in each city and 
town supplied from the Metropolitan Works. From these measure- 
ments can be determined the consumption of water at any hour of 
the day in any city or town ; and in cases where the city or town is 
divided into low and high service districts, the rate of consumption 
in each of these districts can also be determined. 

The following diagram shows the daily average rate of consump- 
tion of water in the district supplied by the Metropolitan Works for 



Average Rate of Consumption in Metropolitan Water District and 
Average Temperature of Air at CheslniU Hill Reservoir for Each 
Week during 1904. 




eroge Rate cjf Con&umpt 
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each week during the year, also the rate of consumption between 
the hours of 1 and 4 a.m., and the average temperature of the air for 
the week. It will be noticed that the largest consumption of water 
occurred during the weeks when the temperature was lowest, and 
that the rate of consumption between the hours of 1 and 4 a.m. for 
several weeks in January and February was larger than the 24-hour 
rate during the summer months. 

The daily average consumption of water in each of the'cities and 
towns supplied from the Metropolitan Works during the year 1904, 
as measured by the Venturi meters, was as follows : — 



BOBtOD, . 

Somerville, 
Maiden, . 
Chelsea, . 
Everett, . 
Qaincy, . 
Medford, . 
Melrose, . 
Bevere, . 
WatertowD, 
ArliDgtoD, 
MUtOD, . 
Winthrop, 
StODeham, 
Belmont, . 
Lexington, 
Nabant, . 
Swampaeoit, 
Dlatrict, 



Estimated 
PopnlatloD. 


Daily Average Con- 

8UXPTION. 


OalloDs. 


Gallons per 
Capita. 


611,830 


87,680,800 


143 


70,320 


6,228,300 


89 


40,825 


1,868,000 


46 


37,835 


1 4,260,500 


113 


29,870 


2,624,400 


89 


27,830 


1 2,823,200 


101 


22,125 


1,803,900 


81 


14,445 


1,625,100 


106 


13,710 


933,000 


68 


11,250 


623,600 


55 


10,160 


752,400 


74 


7,740 


816,300 


41 


7,770 


742,800 


96 


6,420 


! 558,300 


87 


5,045 


I 248,800 


49 


8,620 


282,700 


78 


2,S10 


181,000 


57 


6,170 


i 521,200 


84 


928,770 • 


113,922,300 


123 



A comparison of the figures in this table shows very plainly the 
great difference in the quantity of water consumed in different 
municipalities, and is of especial interest at the present time, for 
the reason that, in compliance with chapter 426 of the Acts of the 
year 1904, the measurements of the water used by each municipality 
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during the year 1905 will be used in determining the assessment to 
be paid by each in 1906. Similar figures for each month of the 
year are given in Appendix No. 3, Table No. 22. 

The autographic records furnished by the Venturi meters are fre- 
quently of much assistance in detecting leaks from the pipes, and in 
determining the quantity of water used at large fires or for other 
purposes in excess of the ordinary consumption. A study of these 
records from week to week also furnishes much information of value 
in determining the causes of and in preventing the waste of water. 
For example, the Venturi meter supplying the town of Swampscott 
indicated, on February 14, an increase in the consumption from 
400,000 gallons to about 1,000,000 gallons per day. The local 
authorities were notified on February 16 that there was probably a 
large leak from their pipes, but it was not until February 26 that 
the cause was discovered and the leak repaired. Had it not been 
for the record of the meter, this leak, which was due to a broken 
8-inch pipe, would probably have continued for a long time, as it 
ran into a drain without showing on the surface of the ground. 

The consumption of water in the cities and towns supplied from 
the Metropolitan Works, as measured by the Venturi meters, is 
slightly less than the quantity supplied to the District, as deter- 
mined by pump measurements, and by the flow of the Weston Aque- 
duct as measured by a Venturi meter. The total diflference is less 
than 1,000,000 gallons per day, a large part of which is accounted 
for by the quantity of water used at the pumping stations, and by 
the leakage from the 84.21 miles of pipes and the several distribut- 
ing reservoirs connected with the works, this use and leakage not 
being measured by the Venturi meters. 

Quality of the Water. 

Samples of water were collected every three months from four 
points, every two months from six points, and monthly from seven 
points on the works, and sent to the State Board of Health for 
analysis and examination. Samples of water were also collected 
each week from many points upon the works, and examined micro- 
scopically and for color, odor, taste and turbidity by the biological 
force of the Metropolitan Water and Sewerage Board. 

The quality of the water furnished was substantially the same as 
during the past two years. 
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The following table gives a comparison of the average results of 
the examinations of water from a tap in Boston for the years 1900 to 
1904, inclusive : — 



1900. 



1001. 



1908. 



1908. 



1904. 



State Board of Health Examinations* 
Color (NesBler standard), . . . . 

Total residae 

Lobs on Ignition, 

Free ammonia, 

! total, . . . . 
dissolved, . 
suspended, . 

Chlorine, . - 

Nitrogen as nitrates, 

Nitrogen as nitrites, 

Oxygen consumed, 

Hardness 



Metropolitan Water and Sewerage Board 
Examinations. 

Color (platinum standard) 

Turbidity, 

Total organisms 

Amorphous matter 

Bacteria, 



0.24 

3.80 

1.20 

0.0012 

0.0157 

0.0138 

0.0019 

0.26 

0.0076 

0.0001 

0.38 

1.3 



34 

468 

97 

181 



0.24 

4.43 

1.64 

0.0018 

0.0158 

0.0143 

0.0015 

0.80 

0.0173 

0.0001 

0.42 

1.7 



34 
2.0 
243 

38 
162 



0.26 

3.93 

1.56 

0.0016 

0.0139 

0.0119 

0.0020 

0.29 

0.0092 

0.0001 

0.40 

1.3 



83 
2.3 
867 

34 
164 



0.25 

8.98 

1.50 

0.0013 

0.0125 

0.0110 

0.0015. 

0.30 

0.0142 

0.0001 

0.39 

1.5 



35 
2.2 
286 

36 
126 



0.23 

3.93 

1.59 

0.0028 

0.0139 

0.0121 

0.0018 

0.34 

0.0110 

0.0001 

0.37 

1.5 



82 
2.4 
303 

36 
176 



Note. — Chemical analyses are in parts per 100,000, organisms and amorphous matter in standard 
units per cubic centimeter, and bacteria in number per cubic centimeter. The standard unit has an area 
of 400 square microns, and by its use the number of diatomaceas are decreased, and the number of 
chlorophyceas and cyanophycen are very much increased, as compared with the number of organisms. 

More than 8 per cent, of the water supplied to the Metropolitan 
District passes through Spot Pond, in which the color is reduced by 
the bleaching action due to Jong storage to about two-thirds that of 
the water supplied to the remainder of the District. 

Biological Laboratory. 

The laboi-atory has been in charge of Burton G. Philbrick, 
biologist. 

The samples of water have been taken weekly at twenty-nine 
points and fortnightly at six points on the works, and special sam- 
ples have been taken from time to time from the reservoirs and the 
brooks entering them, and from the filters at Marlborough, Hop- 
kinton and Lake Cochituate. There were made during the year 
2,277 microscopical examinations, of which 1,756 were made in 
connection with the regular weekly samples, and 521 in connection 
with the miscellaneous samples. 

The Wachusett Reservoir has had water stored in it for the whole 
year for the first time, and the water in it now has the character- 
istics of a reServoir rather than a river water, in that it contains a 



124 METROPOLITAN WATER [Pub. Doc. 

somewhat larger growth of microscopic organisms, and is to some 
extent decolorized by storage. The organisms have not been abun- 
dant, and the water has been practically free from odor. The color 
during the latter part of the season was much lower than that of the 
river water. 

In the Sudbury Reservoir and in Framingham Reservoir No. 3 
the microscopic organisms were more abundant in the latter half of 
the year than usual, causing an odor which was quite persistent, 
and which was reported from week to week by the biologist. The 
odor did not, however, become sufficiently strong to cause com- 
plaints from the water takers. 

In Lake Cochituate the organisms were unusually few for neai'ly 
the whole of the year, and the water of such satisfactory quality 
that it could be used during the greater part of the year. In De- 
cember, however, there was an abundant growth of Synura, which 
rendered the water for the time being unsuitable for use. 

The bacteriological work for the year consisted of routine weekly 
examinations, monthly examinations of the main feeders of the 
Sudbury Reservoir, of Framingham Reservoir No. 3 and of Lake 
Cochituate, monthly tests of the efficiency of the Pegan and Marl- 
borough Brook filters, and occasional miscellaileous examinations. 
A total of 530 samples were examined. 

Sanitary Inspection. 

The sanitary inspection of the Wachusett, Sudbury and Cochitu- 
ate watersheds has been continued during the year, under the direc- 
tion of William W. Locke, C.E., Sanitary Inspector. 

Upon the Wachusett watershed there have been 10 cases of typhoid 
fever in Holden, 3 in Princeton and 1 in West Boylston. None of 
these cases were within the limits of the reservoir. The usual close 
watch has been kept over the camps and laborers employed within 
the limits of the reservoir, to see that the water supply was not pol- 
luted. The number of cases of typhoid fever upon the Sudbury and 
Cochituate watersheds was 20, divided as follows : Marlborough, 6 ; 
Framingham, 6; Westborough, 6; Southborough, 1 ;.-and Way- 
land, 1. 

A summary of the work of sanitary inspection for 1904 is given 
in the following four tables. The first table shows for the Wachu- 
sett watershed the number of premises inspected, the classification 
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of cases inspected, and the condition of the premises at the end of 
the year ; the second table gives the corresponding information for 
the Sudbury and Cochituate watersheds ; the third table shows the 
improvements effected on the Wachusett watershed ; and the fourth 
table the improvements effected on the Sudbury and Cochituate 
ivatersheds. 

'The headings of these tables explain themselves, except in a few 
instances: under the heading " Premises Vacant " are included all 
cases which at present furnish no objectionable drainage, but which 
might furnish such drainage if the premises were occupied ; under 
the beading " Unsatislactory " are included all cases where there 
may be, under the most unfavorable conditions, wash from privies or 
direct sink drainage, all suspected cases, and all cases of manufac- 
turing wastes entering feeders, even though there may be some 
attempt at previous purification. 

In the third and fourth tables no cases are entered as remedied 
unless complete sewer connections have been made, or all proba- 
bility of futui'e contamination has been removed ; and no cases are 
entered as partly remedied except where positive improvement in 
the sanitary condition has been effected. 



Summary of Sanitary Inspections on 


the 


Wacltusett 


Watershed ii 


1904. 
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Summary of Sanitary Inspections on the Sudbury and Cochituate Water- 
sheds in 1904. 
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Sanitary Improvements effected on the Sudbury and Cochituate Watersheds 

in 1904. 



District. 



Remedied by 

Bewer 
CoDDectioD. 



Otherwise 
remedied. 



Sudbury Watershed. 

Farm Pond, 

Framingbam ReserToir No. 8, . . . 

Stony Brook, 

Angle Brook, 

Framingbam reservoirs Nob. 1 and 2, and 

Cold Bpiiiig Brook. 
Eastern Sudbary 

Indian Brook, 

Western Sadbury, . . -> . 

Whitehall Reservoir, . . • . 

Cedar Swamp, 

Cochituate Watershed, 

Snake Brook 

Pegan Brook, 

Coarse Brook, 

Beaver Dam Brook 

Dug Pond, 

Totalu, 



35 



13 



36 

45 
15 
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Partly 
remedied. 



3 
4 
4 
3 
1 



6 
1 



25 



Cesspools 
abandoned 

on Account of 
Sewer 

Connections. 



33 



13 



35 

44 
15 



140 



Among the cesspools dug on the Wachusett watershed during the 
year were two, each 10 feet in diameter and 10 feet deep, for large 
private sanatoriums in Rutland. As the soil was poor for filtration 
purposes, about 450 feet of 4-inch open-jointed tile pipe were laid 
near the surface from each cesspool, to receive the overflow. 

The work of making sewer connections in the various towns has 
not on the whole progressed quite as rapidly as during the preced- 
ing year. 

In Natick fixtures were installed and sewer connections made with 
51 houses, against 75 the preceding year. 

In South Framingham 45 houses have been connected with the 
sewer, against 56 the preceding year. 

In Marlborough there have been 35 connections, against 23 the 
preceding year. 
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In Westborough 13 connections have been made, against 10 the 
preceding year, — a total of 144 against 164 the preceding year. 

The sanitary conditions at Hopkinton still remain somewhat un- 
satisfactory. 

The New York, New Haven & Hartford Railroad Company has 
double-tracked its road from Framingham to Southborough this 
year, and, as the road for a portion of the distance crosses two of 
the reservoirs, special inspection has been necessary, to prevent the 
pollution of the water by the workmen. 

There are in places leaks into the Cochituate Aqueduct, where it 
is built in deep cuttings or in tunnel. By collecting samples of 
water from these leaks, and analyzing them, evidence was found of 
pollution which was traced to two houses in Newton. Temporary 
measures were taken to stop the pollution, and later in the year the 
city of Newton extended its sewerage system, and these houses were 
connected with it. 

A new sanitary census of the Sudbury and Cochituate watersheds 
was begun this year, similar to that taken in 1902 on the Wachusett 
watershed. This has been completed for the whole town of South- 
borough and portions of Natick and Ashland, and it is expected that 
it will be completed for the remainder of these watersheds in 1905. 

Drainage of Swamps. 

The ditches built to drain swamps on the Sudbury and Wachusett 
watersheds, having a total length of 27.4 miles, have required no 
special repairs during the year. The 15.55 miles of ditches tribu- 
tary to the open channel require about two-thirds of the time of 2 
men to maintain them in good condition. Special forces are also 
required at times to cut the bushes at the sides of the ditches. 

Observations of the color of water from Crane swamp and from 
the swamp southwest of Marlborough Junction before and after 
draining have been given in previous reports. For the year 1904 
the average colors have been respectively 99 and 71, which are 
somewhat lower than in most previous years. 

Distributing Reservoirs. 

The distributing reservoirs maintained by the Board are the 
Weston and Chestnut Hill reservoirs ; the Waban Hill and Forbes 
Hill reservoirs and the Forbes Hill standpipe, of the southern high- 
service system; Spot Pond and the Mystic Reservoir, near Tufts 
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College, of the low-service system ; the Fells and Bear Hfll reser- 
voirs, of the northern high-service system ; and the Arlington stand- 
pipe, of the northern extra high-service system. 

Weston Hesei^voir. 

Since the completion of the Weston Reservoir, in the spring, the 
grounds about it have been kept in good order, the grass has been 
cut and the hay harvested. 

Chestnut Hill Reservoir. 

In addition to the usual care of the gate-houses and grounds, re- 
pairs have been made at this reservoir as follows : the cover stones 
over the Cochituate Aqueduct, near the influent gat^-house, have 
been reset, and the joints between the flagstones surrounding the 
influent and intermediate gate-houses have been repointed. At the 
old effluent gate-house the masonry of the steps was repointed • 
Three manholes on the surface water drain near the Lawrence Basin 
have been rebuilt. The ironwork in the terminal chamber of the 
Sudbury Aqueduct and in the small gate-house on the Cochituate 
Aqueduct near the high-service pumping station was cleaned and 
painted. Concrete steps have been built to replace wooden steps in 
front of the pumps used for drinking purposes. The walk on the 
reservoir embankment between the old effluent gate-house and a 
point near Reservoir Lane, a distance of 1,780 feet, has been re- 
surfaced, using ashes from the pumping station, with a very light 
sprinkling of stone dust on the surface. During the summer from 
2 to 4 men were required to police the grounds on Sundays, holi- 
days and evenings. 

Waban Hill Reservoir, 

The reservoir and gate-house are in good order, and the grass on 
the embankments was somewhat improved in appearance, as com- 
pared with the previous year. A fence 250 feet long, with A\Tought- 
iron posts set in concrete, and wrought-iron rails, was built to 
replace a fence with wooden posts which were decayed. This res- 
ervoir is cared for by the force employed at Chestnut Hill Reservoir. 

Forbes Hill Reservoir and Stanclp7j)e. 

Both the woodwork and ironwork of the tower and reservoir 
gate-chamber and the iron railing around the reservoir have been 
painted by the attendant permanently employed at the reservoir. 
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Cast-iron caps have been placed on the posts of the fence surround- 
ing the reservoir, to protect them from the weather. Observations 
taken during the extreme cold weather of January and February 
showed that the thickness of ice which formed in the standpipe did 
not exceed 6 inches. 

Spot Pond. 

The pond has remained at or near high water during the year, 
except on four occasions. In January and February the demand 
for water during the extremely cold weather caused the surface to be 
drawn down to about 1 foot below high water in each month. From 
October 3 to 10 and October 24 to 31 water was drawn from the pond 
for the supply of the District, while the Sudbury Aqueduct was shut 
off for repairs. On each of these occasions the water fell to about 
1^ feet below high water. In addition to the ordinary care given 
to the reservoir and grounds about the pumping station, 356 cubic 
yards of sand and gravel and 75 cubic yards of loam have been 
placed on or above the shores of the pond near the corner of 
South and Main streets, where the embankment had settled so that 
the water was encroaching on the loamed area. The regular force 
employed, with some assistance from men detailed from other parts 
of the works, has devoted much time to the destruction of gypsy 
and brown-tail moths. The trees near the pumping station have 
been kept fairly clean, but the trees on about 50 acres of land at the 
southerly end of the pond were, at the end of the season, very badly 
infested with the eggs of gypsy moths. On November 7 the work 
of thinning out trees on the property of the Board around the pond 
was begun, for the purpose of improving the character of the wooded 
areas and of reducing the number of trees to be protected. At 
the end of the year ^^ acres had been gone over, and about 300 
cords of wood cut and so treated as to kill the eggs on it. This 
work is to be continued, and the eggs of the moths on the uncut 
trees are to be destroyed before spring. During the year 109 prop- 
erty bounds were set around the pond. 

Mystic Reservoir, 

This reservoir has been in constant use, and is in good order ; but 
the gate-house will probably require a new roof during the coming 
year. The driveway has been thoroughly repaired by building new 
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tar concrete gutters at a cost of $355, and by surfacing with 25 tons 

of broken stone. The tar concrete walk around the reservoir was 

also repaired. 

Fells and Bear Hill Reservoirs, 

These reservoirs are cared for by the force employed at Spot 

Pond. The reservoirs, with their gate-houses and grounds, are in 

good order. 

Arlington Standpipe. 

The standpipe has been in service throughout the entire year. 
The two lower sheets of the standpipe have been painted, in order 
to obliterate marks made by visitors. 

Mystic Lake, 

The water in the lake was kept from 2^ to 3 feet below high water 
from the first of January until the middle of April. During the 
summer the water was kept about 1 foot below high water. In the 
early part of October, while work of repairing the dam was in 
progress, the water in the lake was lowered to about 3 J feet below 
high-water mark, but was afterward raised, and on January 1, 1905, 
stood at elevation 14.50 above Boston city base, or 2^ feet below 
high-water mark. An apron of Portland cement concrete, about 6 
feet wide and 2 feet thick, has been built below the outlet dam, to 
prevent the water- falling over the dam from excavating the gravel 
and undermining the concrete foundations ; and the joints of the 
masonry piers and of the wingwalls have been repointed and grouted. 
The cost of the apron and pointing was about $370. 

The house occupied by the attendant has been reshingled and 

otherwise repaired, at a total cost of about $225. The house of the 

Medford Boat Club has been moved to a point about 100 feet west of 

its former location. 

Chelsea Reservoir, 

In June an arrangement was made with the Water Commissioners 
of Chelsea, by which the Board was given permission to draw water 
from the high-service reservoir in cases of emergency, for supplying 
other cities and towns in the Metropolitan District ; and in consid- 
eration of this privilege the Board agreed to make repairs to the 
lining of the reservoir, which had been badly cracked by the action 
of frost. This work was done in September by the maintenance 
department, at a cost of about $3,500. 



\ 
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The reservoir is 177 feet long and 96 feet wide, with semi-circular 
ends. The inner slopes were originally covered with 4-inch brick- 
work, laid on 4 inches of Rosendale cement concrete. The cracks 
were in the lining on the upper portion of the slopes, not more than 
4 feet below high- water mark. The repairs consisted in removing 
the old lining down to a point about (> feet below the top of the em- 
bankment, and replacing it with a much heavier lining of Portland 
cement concrete. The new lining had a thickness of about 2 feet at 
the high-water line, decreasing to 9 inches at a point 4 feet below 
high water, where it joined the old lining. It was put on in tw 
layers, with a coating of asphalt between. The upper layer was putiz^^t 

on in blocks 5 feet wide and about 10 feet long, and the upper sur ^- 

face given a granolithic finish. 

Pipe Lines. 

Xo extensions were made diu^ing the year to the pipe lines ownecE^ *^ 
and maintained by the department. Nineteen leaks were repairecE^ ^^ 
on the pipes, at a cost of $1,579. Sixteen of these were caused by^i^^^J 
defective joints, one by the breaking of a valve and two by break^^^^s 
in the mains. One of the last two occurred on February 25, whenc::^^ -n 
a 30-inch high-service force main broke on the grounds at Chestnut 
Hill Reservoir, near the low-service pumping station. This breal 
was caused by the settling of the pipe in filled material. The secon< 
break occurred on October 16, when the 16-inch high-service mail 
supplying Winthrop broke at the corner of Beach Street, in Win- 
throp Avenue, Revere. The cost of repairing the break in the 30- 
inch pipe, including the damage to grounds, was $626.45; and th< 
cost of repairing the break in the 16-inch pipe, including $250 pai( 
for damage to sewer construction, was $367.53. 

During October and the early part of November the 1 2-inch pip^^ 
line on Washington Street in Lynn, from a point 30 feet south o:f 
the north line of Suffolk Street to a point 180 feet south of th^ 
north line of Amity Street, a distance of 593 feet, was relaid, as it 
was very badly damaged by electrolytic action. This pipe was laid 
in 1898. 

In July two insulating joints were set in the 48-inch pipe line 
crossing the Charles River between Boston and Cambridge, near 
the Boylston Street power station of the Boston Elevated Railway 
Company ; and in December two additional joints were placed in 





No. 57.] AND SEWERAGE BOARD. 133 

the same pipe line, one on Massachusetts Avenue near the bridge 
over the Fitchburg Division of the Boston & Maine Raih-oad, and 
one near the Allston station on the Boston & Albany Railroad. 

The Ross pressure-regulating valves on the pipes supplying Win- 
throp and Swampscott, which did not satisfactorily regulate the 
pressure, have been replaced by valves designed in this office and 
built by the Water3 Governor Company. 

The several pipe bridges have been examined, and the bridges 
over the Pines River were repainted. 

Twenty-two recording pressure gages are now in use, connected 
with the distribution system at diflferent points. The average max- 
imum and minimum elevations of the water, due to the pressure at 
seventeen points in different parts of the District, are given in Ap- 
pendix No. 3, Table No. 38. 

Venturi Metek8. 

The number of meters in service in the Metropolitan AV^ater Dis- 
trict on January 1, 1905, was 53, the same as on January 1, 1904. 
A few changes have, however, been made in the size and location of 
the meters. Two 48-inch meters supplying the low-service district 
ot Boston, which were located near the low-service pumping station 
at Chestnut Hill, were moved in April to a point on Beacon Street 
just below the connection between the new pipe from the Weston 
Aqueduct and the mains leading to Boston. This change was made 
in order to provide for accurate measurements of the water supplied 
to the Boston low-service district. 

A 10-inch meter on Broadway in Chelsea was moved from its 
location near the bridge leading to Charlestown to a point near 
William Street, and a 24-inch valve was set in the pipe line at the 
latter place. The old location near the Chelsea bridge was very 
near a sea wall, through which the cold entered, so that the meter 
could not be used during the winter. 

The 8-inch meter supplying the town of Nahant having been 
found to be too large to measure the minimum flow during the win- 
ter months, a 6-inch meter was set on the by-pass, and the meter 
register was connected in such a way as to measure the flow through 
either meter. A 10-inch weighted check valve was set on the main 
line of pipe, and so adjusted that it will open in case the meter at 
any time fails to furnish a sufficient supply. 
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Two men have devoted their entbe time to the work of reading 
the meters, winding the registiers, and cleaning, oiling, painting and 
repairing the registers and chambers. All of the chambers have 
been scraped and painted, the ironwork of the registers has been 
painted, and the bottom of the chambers covered with cement. 
Some trouble was experienced on account of freezing of the water 
in the registers and supply pipes during the extreme cold weather, 
and for the purpose of preventing this seven of the chambers were 
covered on the top and sides to a depth of 4 feet from the surface 
with an insulating coating composed of pitch and cork. The cost 
of this work was about $70 per chamber. 

Electrolysis. 

Investigations relative to the injury to the pipes caused by electric 
currents from the street railway systems liave been continued through- 
out the year. In the annual report for the year 1903 detailed de- 
scriptions were given of the injury done to 48-inch pipes in Cam- 
bridge, the 24-inch pipes in Chelsea and 12-inch pipes in Lynn, and 
also of an experimental test of an insulating covering of asphalt and 
burlap which was being made by the Boston Elevated Railway Com- 
pany. On April 6 this covering, which was applied in November, 
1902, was removed from one length of 48-inch pipe for the purpose 
of examination. Before the covering was applied the pipe was care- 
fully cleaned and the pits dug out and located. Upon removing the 
covering many new pits were found, and in some cases one large pit 
was found where there were two or three separate pits before the 
covering was put on. The number of pits in the pipe had increased 
from 80 in 1902 to 49G in 1904. 

The railway engineers suggested that possibly the pits were not 
all dug out before the pipe was covered, and therefore recovered it 
for a further test. They have since made the following experi- 
mental tests, which indicate that the covering has little if any value 
under some circumstances. 

A short piece of 4-inch pipe, covered in the same manner as the 
large pipe, was buried in dry earth in a box, and a cast-iron plate 
was buried 1.2*5 feet from the pipe. In one test tar was used in the 
covering, and in another asphaltum. The pipe and plate were con- 
nected in the regular trolley circuit of 500 volts. While the earth 
was dry the resistance between the pipe and the plate with the tar 
covering was 700 megohms, and with the asphaltum covering 34 
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megohms. The earth was then saturated with salt water, and the 
resistance quickly diminished, and aftor seven to ten days disap- 
peared. 

For the purpose of dmiinishin<r the injury which was being done 
to the two lines of 36-inch pipe crossing under the Charles River 
near the power station of the Boston Elevated Railway Company in 
Cambridge, two 48-inch insulating joints were .set in July, one on 
either side of the river. Each of these joints was composed of two 
flanged pieces of 48-inch pipe, bolted together with a gasket of pure 
rubber J of an inch thick between the flanges. The bolts joining 
the flanges were covered with rubber tubing ^ ot an inch thick, and 
the nuts were insulated from the casting by means of a washer of 
rubber J an inch thick. The joints have a resistance of from 100 to 
200 ohms when the pipe is tilled with water, and are enclosed in 
water-proof chambers, to prevent the entrance of ground water. 

These joints reduce the quantity of electricity leaving the :i 6-inch 
pipes in the river from 25 amperes to less than 5 amperes, and re- 
duce the quantity flowing along the pipes toward the power station 
at a point on North Harvard Street near Franklin Street from 65 
amperes to 40 amperes. The joints were expected to protect the 
pipes in the river, at the expense, to some extent, of other portions 
of the pipe line ; and the measurements of curi-ents appear to show 
that the effect has been substantially as ex])ected, as the quantity of 
electricity leaving the pipe between Western Avenue, Brighton, and 
the river, was increased about 25 amperes. 

As these joints reduced the quantity ot electricity flowing along 
the pipe line, the railway company desired to set similar joints at 
other points, and late in the year an arrangement was made for the 
setting of four additional 48-inch joints. Two of these Avere set in 
December, one at Porter's Square in Cambridge and the other near 
the AUston station on the Boston iSc AH)anv Railroad. Both of these 
joints are on the same line of 48-incli pipe as the two joints set in 
July, one being about 500 feet south and the other 7,500 feet north 
of the Charles River. 

As the amount of current flowing along the i)ii)es at different 
times depends upon the amount of power developed at these times 
at the different power stations, many observations are necessary to 
determine the average quantity flowing even for a single day, and 
these have not been taken since the last joints were installed ; but 
enough measurements have been taken to warrant the statement that 
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the introduction of the joint at Porter's Sc|uarc has substantially 
stopped the flow of electricity along the i)ipe at that ]X)int. The 
conditions have been changed so as to increase the amount of elec- 
tricity leaving the pipe north of the Joint, but there appears to be 
at present not more than 40 amperes flowing along and leaving the 
pipe line, in place ot 90 amperes : and there has also been a ver}' 
marked reduction in the diflference of potential between the pipes 
and the rails of the street railway company. 

The measurements thus far taken appear to indicate that the 
eflfects of setting an insulating joint somewhere near the middle of a 
pipe line, one portion of which is electrically positive and another 
negative to the car tracks, are as follows • — 

1. To stop the direct flow of electricity along the pipe line at the 
point where the joint is set, and to reduce considerably the amount 
of electricity flowing along other i)arts of the pipe line. 

2. To lower the average potential of the pipe line on the negative 
or power station side of the joint. 

3. To raise the averajro potential of the pipe line on the positive 
side of the joint. 

4. To maintain a ditterence of potential of several volts between 
the positive and negative sides of the joint, and to produce condi- 
tions tending to increase electrolytic action at that point, unless the 
joint is carefully located in dry ground. 

5. To cause a new distribution of electrical conditions, under 
which the two sections of the pipe line become similar to the origi- 
nal line, with one portion of each positive and the other negative to 
the car tracks, so that tlie number of positive areas is increased by 
one for each joint. 

Both in August and November, 1903, the attention of the officials 
of the Boston cSc Northern Street Railway Company was called to 
the serious injury which had then been done to our pipes, both in 
Chelsea and Lynn, bv the currents of electricit}' returning to its 
power stations. Excavations made in November in Lynn showed 
that there were pittings in the 12-inch pipe in Washington Street 
.45 of an inch in depth, leaving only .25 of an inch of the original 
thickness of iron. As it was not deemed prudent to continue to 
risk the failure of this pipe line, it was relaid during the past year 
for a length of 593 feet. All of this pipe was laid in 1898, and 
when removed it was badly decomposed, and in several places voiy 
little of the original metal of the pipe remained. The officials of the 
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railway company were notified that the pipes were to be relaid be- 
fore the work waa commenced, and were asked if they desired to 
adopt any preventive measures, but they did not do so ; and on De- 
cember by after the pipe was relaid, measurements showed that 
there were 20 amperes of electric current leaving the relaid section. 
It is probable that, if nothing is done to alter the conditions, it will 
be necessary to again relay these pipes not later than 1910. 

The regular annual survey to determine the relative electrical po- 
tential of the Metropolitan pipe lines and the street railway tracks, 
and the amount of electricity flowing on the pipes at the several 
gaging stations, was made in April. In making these surveys volt- 
meter readings were made at each station every twelve seconds, for 
a period of five minutes. The figures are obtained from readings 
taken between 9 a.m. and 4 p.m. during the months of March and 
April, and do not represent the extreme results which would be 
obtained during the hours of maximum travel. The average of 
these readings, compared with similar readings made in 1903, are 
given in the following table. They show that the electrical press- 
ures have been generally reduced during the past year over the 
entire distribution system. 
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— l.B 
Sill 

-1.1 

1J:S 


list 

+.00 

-,it 
z'.m* 

+1.0» 

10. w 

12.K! 


6.2 



• ThW nceniiEs i* blgh an KEcaaut of reduced length of Ibo dlitricl in IM4 1 Um ann|< for thaaUM 
l«iiglh in IMS wBi 4.03. 

At ii t'lMv points, bowevcr, the conditions are worse than in l!t03. 
At till' corner of Reservoir Lane and Boylston Street in Brookline 
tlie voltage between tbe pipe and the mils has increased irom 2^ to 
5 voltfi, possibly due to increased traffic on the Boston & Worcester 
line. On Adams Street in 'Milton, near the East Hilton station, tbe 
avei'iige voltage has increased from 18 volts in 1003 to 22 volts in 
iyU4, iiiid the maximum from .^5 to 60 volts. This is due to poOT 
track construction, and lack of return feeders on the Old Colony 
Street Railway Conipany'.s tracks. lilarly in the j'ear Uie Boston 
li Northern Street Railway- Company was notified that there was a 
large difference of potential between our pipct: and their tracks on 
Main Street in Stoneliam, and that w large quantity of electricity 
was flowing along our pipe. During the past year the railway 
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company has relaid the tracks between Melrose Highlands and 
Stoneham Square, and provided better returns for the current, so 
that the conditions have been greatl}" improved ; but even now there 
is considerable current flowing along our pipe in Main Street. 

In January the attention of the Old Colony Street Railway Com- 
pany was called to the fact that a current of from 15 to 45 amperes 
had been measured flowing on our 12-inch pipe in West Street in 
Hyde Ftok, with diflFerences of from 5 to IS volts between the pipe 
and the rails. In June our pipe was uncovered at several points 
for examination, and i)its about -^^ of an inch in depth were found 
on several pipes. A service pipe ot the Hyde Park Water Company 
was found to be resting upon the 12-inch pipe, making an electric 
contact by means of which about 10 amjwres of electricity passed 
from the Metropolitan main to the pipes of the Hyde Park Water 
Company. By raising the service pipe and breaking the electric 
connection, the flow of electricity along our pipes was reduced about 

one-half. 

Clintox Sewerage. 

The Clinton sewage disposal works were in daily operation dur- 
ing the whole year. The amount of sewage pumped and filtered 
was about 43,000 gallons per day less than during the preceding 
year, notwithstanding the considerable number of additional house 
connections which have been made with the system. The decrease 
is due in part to the smaller quantity of water leaking into a very 
leaky section of the town sewer, located close to the river, between 
the Lancaster Mills and Germantown, and to the large increase in 
the number of water meters in Clinton, bv which the waste of water 
is checked. 

Following are statistics relating to the operation of the pumping 
station : — 



Daily average quantity of sewage pumped (gallons), 
Daily average quantity of coal consumed (pounds), 
Gallons pumped per pound of coal, 
Number of days pumping, 

Cost of pumping : — 
Labor, ....... 

Fuel, 

Repairs and supplies, .... 

Total for station, .... 
Cost per million gallons pumped, . 



Cost per million gallons raised 1 fdbt high. 



740,000 

1,295 

570 

«],389 33 

1,092 18 

756 91 

?8,238 42 
#11 99 



142 METROPOLITAN WATER [Pub. Doc. 

Appended to this report are tables of contracts giving the amount 
of work done and other information, a statement of the cement testSi 
A long series of tables relating to the maintenance of the Metropol- 
itan Water Works, tables showing the length of main pipes and 
number of service pipes, meters and fire hydrants in the Metropolitan 
Water District, and a summary of statistics for 1904. 

Respectfully submitted, 



Boston, Janaary 1, 1905. 



FREDERIC P. STEABiilS, 

CM^ Engineer, 



m 
1 



% 



■^ 



^ 



V 
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IPORT OF ENGINEER OF SEWERAGE WORKS. 



the Metropolitan Water and Sewerage Board. 

Gentlemen : — The following is a report of the operations of the 
tngineering Department of the Metropolitan Sewerage Works for 
be year ending Decem])er 31, 1904. 

Organization. 

The engineering organization during the year has been as fol- 
lows : — 



IHvision Engineers : — 
Frederick D. Smith, 



Frank I. Capen, . 



In charge of maintenance, South Metropolitan 
System, and construction of High-level Sewer 
in Quincy. 

. In charge of construction of High-level Sewer in 
Roxbury, and of maintenance and construction, 
North Metropolitan System. 



Frank A. Emery, . . In charge of office, drafting room and records. 



In addition to the above, there were employed at the end of the 
year 8 engineering and other assistants. 
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METROPOLITAN SEWERAGE DISTRICTS. 

Akkas and Populations. 

During the year no changes have been made in the extent of the 
sewerage districts. The area of the North Metropolitan District re- 
mains at 91 square miles, and of the South Metropolitan District at 
102 square miles, — a total, inclusive of water surfaces, of 193 squire 
miles. These districts include the whole or parts of 25 cities and 
towns, as set forth in the following table : — 

Table shoioing Areas and Estimated Populations within the Metropolitan 

Setoerage District, as of December 31, 1904, 



City or Town. 



Area (Square 
Miles). 



Sfltimated Fopn- 

IttiOD. 



fArlingtOD, 5.20 



a 
a 



o o 
St* 

O 

525 



Belmont, 

BoBtoD (portions of), 

Cambridge, . 

Chelsea, 

Everett, 

Lexington,* . 

Maiden, 
^ Medford, 

Melrose, 

Revere, 

Somerville, . 

Stoneham, . 

Wakefield, . 

Winchester, 

Winthrop, . 
.Wobnrn, 



a 

08 



o o 



o 
CQ 



''Boston (portions of), 

Brookline, . 

Dedham,"^ . 

Hyde Park, . 
<( Milton, . 

N'ewton, 

Qaincy, 

Waltham, 
.Watertown, . 



Totals, 



4.66 
3.45 
6.11 
2.24 
3.34 
5.11 
5.07 
8.85 
3.73 
5.86 
3.96 
5.50 
7.65 
5.95 
1.61 
12.71 



20.92 

6.81 

9.40 

4.57 

12.59 

18.08 

12.56 

13.68 

4.04 



90.50 



103.55 
193.05 



10,400 

5,i00 

91,400 

102,900 

88,400 

30,100 

2,800 

48,000 

28,700 

14,700 

18,900 

71,700 

6,500 

10,600 

8,000 

8,000 

16,400 

155.800 
26,100 

7,400 
14,700 

7,000 
89,900 
88,400 
87,600 



4»4,S0O 



* Part of town. 
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METROPOr.ITAX SEWERS. 

Sewers Purchased and CoxsTurcTEi) and their Connections. 

Within the Sewerage Districts there are now 95.55 miles of Met- 
ropolitan sewers. Of this total, 8.79 miles of sewers, with the 
Quincy pumping station, have* been purchased from cities and towns 
of the districts, the remaining S7 miles of Metropolitan sewers hav- 
ing been constructed by the Metropolitan boards. 

The position, lengths and sizes of these sewers are given in the 
following tables, together with other data referring to the public 
and special connections with the system : — 

North Metropohtan System, 



City or Town. 



Boston: — 
Deer Island, . 
Bask Boston, . 

Charlestovn, . 

Wlnthrop, . 



Chelsea, 

Everett, 

Maiden, 

Melrose, 
Cambridge, 

SomerviUe, 

Medford, 

Winchester, 

Stonehara, . 
Wobum, . 
Arlington, . 
Belmont,§ . 
Wakefield, § 
Revere, 



Size of Sewers. 






c 



2 « ® 

^ S »- 
•2 ® « 



Special Connections. 



Character or Location of 
Connection. 



No m her 

in 
Opera- 
tion. 



1.367 
5.467 



6' 3" to 9' 

9' tor 

6'7"X7'6"to 1', . . .1 3.292 

9' 2.884 



8' 4"X9' 2" to 1' 10"X2' 4", . | 5. 123 



8'2"X8'10"to4'8"X5'l", 

3' 9"X4' 1" to 1' 3", . 

1' 10"X*2' 9" to 10", . 
6' 2"X6' 9" to 1' 3", . 

6' 6"X7' 2" to 1' 10"X2' 3", 



4'8"X5'r'tolO", 



2' ir X3' 3" to r 3", . 
1' 8" to 10", . 

r io"x2' 4" to r 3", . 

1' 6" to 10", . 



2.925 

3.931* 

6.099t' 
7.187 

3.471 
5.359 

t 

6.428 

.010 

.933 

3. 620 J 



4' to 8', 



.048 



4 
18 

7 

r 
I 

25 I 

31 

28 j 

r 

10^ 

I 

I 

20 j 

,,| 

4 
3 
33 
8 
1 
1 



Navy Yard, . 

Aimshouse, . 

Clnb house, . 

Bakery, 

Rendering works, 

Metropolitan Water Works 

blow-off, . 
Metropolitan Water Works 

blow-off, . 
Metropolitan Water Works 

blow-off, . 
Private houses, . 
Private houses, . 
Slau{;hter-house, 
City Hospital, 
Tannery, 

Slaughter-houses (3), 
Car-house, . 

Stable 

Armory building, 
Private houses, . 

Stable 

Tannery, 
Private houses, . 
Gelatine factory. 

Glue factory, 
Private houses, . 



■•\ 



8 



1 
105 
100 



I 
1 
1 
1 
1 
5 
1 
2 
2 
1 

1 
92 



58.00411 226 



330 



* Inelades .988 of a mile of sewer purchased from the city of Maiden, 
t Includes .786 of a mile of sewer purchased from the town of Melrose. 
X Inelades 2. 681 miles of sewer purchased from the town of Arlington. 
$ The Metropolitan sewer extends but a few feet into the towns of Belmont and Wakefield. 
• II Inclndea 2.787 miles of Mystic River valley sewer in Medford, Winchester and Wobarn, running 
parallel with the Metropolitan sewer. 
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South Metropolitan System. 



City or Town. 



Size of Sewers. 



• 

■ 

3 


1 • 


a 


r 


|s« 







2 



SPBCIAL CONKXCnOHS. 



Boston (Back Bay), 

Boston (Brighton), 
Boston (Dorches- 
ter). 
Boston (Rozbnry), 

Boston (West Roz- 
bnry). 

Brooklioe, 
Dedbam, . 
Hull, 

Hyde Park, 
Milton, . 
Newton, . 
•Qnincy, . 
Waltbam, 
^Watertown, 



6' 6" to 6' 6", 

6' 6" to 12", . 
3'X4' to 2' 6"X2' 7", 

6' 6"X7', 4' 0", . 
9'8"XlO'2"tol2", 

4'X4'l"'to8'V'X8'10" 

60" pipe, 

10'7"Xir7"to4'X4'l" 

ll'Xl2'to8", 

4' 2"X4' 9" to 1' 3", 

11' 3"X 12' 6" to 60" pipe 

3' 6"X4', . 

4' 2"X4' 9" to 12", 



1.600* 

8.7l4t 
2.870t 

1.430 
7.011 

0.127 
2.850 
0.750 
4.527 
3.600 
2.911 
6.007 
O.OOl 
0.750§ 



37.548 



8<' 

I 

" I 
6 



6 

2 
4 

IS 
7 
6 
3 
1 
5 



72 



Character or Location of 
Connection. 



Namber 

io 
Opera- 
tion. 



Private honse, 

AdminiiitrHtion bnildlnK, 

BoHton Park Department, . 

Simmons College buildings, . 

Abattoir, 



Parental school, 

Lutheran £vangelieal Church, 



Private buildings, . 
Private houses. 



. . 



Factory, 



2 
i 

i 

17 



* Includes .355 of a mile of sewer purchased from the city of Boston. 

t Includes .026 of a mile of sewer purchased from the town of Watertown. 

X Includes 1.24 miles of sewer purchased from the city of Boston. 

§ Includes .025 of a mile of sewer purchased from the town of Watertown. 

Cost of Construction. 

The cost of the 95 miles of Metropolitan sewers enumerated above, 
including seven stations, siphons and appertaining structures, VD»>y 
be summarized as follows : — * 



North Metropolitan System, 
South Metropolitan System, 



$6,086,569 91 
7,680,262 47 

113,666,882 88 



Construction and Additions during the Year. 
The last report indicated that 93.86 miles of Metropolitan sewers 
had been constructed to December 31, 1903. There has conse- 
quently been added, during the year under review, a length of 1.6^ 
miles. This includes 0.48 of a mile of High-level Sewer, authortoi 
by chapter 424 of the Acts of 1899 ; 0.939 of a mile of sewer, author- 
ized by chapter 242 of the Acts of 1903, to provide sewerage facilities 
for the town of Revere ; 0.248 of a mile of sewer, authorized by chap- 
ter 336 of the Acts of 1903, to provide an additional outlet for the 



* For detailed statement of cost, see report of Board, p. 52. 
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sewage of Belmont ; and 0.025 of a mile of sewer in Lake Street, 
Winchester, — all referred to in detail later in this report. 

The following table gives details of areas, populations, local sewer 
mileage and other data for the whole Metropolitan Sewerage Sys- 
tem : — 

North Metropolitan System. 



Area 
(Square 

Miiea). 



Estimated 

Total 
PopalatioD. 



90.50 



494,600 



Miles of 

Local Sewer 

connected. 



Estimated 

Popalation 

contributing 

Sewage. 



Ratio of 

Contributing 

Population 

to Total 

Population 

(Percent.). 



558.18 



387,327 



78.3 



Connections xadb 
with mstbo- 

POLITAN SbWEBS. 



Public. 



Special. 



226 



830 



South Metropolitan System. 


102.55 


818,300 


406.32 147,761 46.4 


72 


17 


Entire Metropolitan District. 


193.05 


812,800 


964.50 635,088 65.8 


298 


847 



Of the estimated gross population of 812,800 on December 31, 
1904, 535,088, representing 65.8 per cent., were on that date con- 
tributing sewage to the Metropolitan sewers, through a total length 
of 964.5 miles of local sewers owned by the individual municipalities. 
These sewers are connected with the Metropolitan system by 298 
public and 347 special connections. It appears, also, that there has 
been during the year an increase of 30.4 miles of local sewers con- 
nected with Metropolitan systems, and that 24 public and 8 special 
connections have been added. 

Pumping Stations and Pump age. 

The following table shows the average daily volume of sewage lifted 
at each of the six Metropolitan pumping stations during the year, as 
compared with corresponding volumes for the previous year : — 



Pumping Station. 



Aybbaob Daily Pumpaqb. 



Jan. 1, 1903 

to 
Deo. 31, 1903. 



Jan. 1, 1904 

to 
Dec. 31, 1904. 



Increase during 
the Year. 



Deer Island 

Bast Boston, 

Oharlestown, 

Ale wife Brook 

Qaincy, 

Ward Street (from Oct. 14 to Dec. 31, 1904), 



Gallons. 
53,800,000 
51,600,000 
29,900,000 
3,831,000 
3,042,000 



Gallons. 
67,200,000 
55,000,000 
31,100,000 
3,546,000 
3,651,000 
12,700,000 



Gallons. 
3,400,000 
3,400,000 
1,200,000 
285,000* 
609,000 



Per Cent. 
6.3 
6.6 
4.0 
7.4* 
20.0 



* Decrease. 
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CONSTRUCTION ON THE NORTH METROPOLITAN 

SYSTEM. 

With the completion of the bi-anch sewer to the town of Revere 
and extension of the Cambridge branch to Behnont, begun in 1903, 
all Metropolitan sewers on this system authorized to date have been 
constructed. The Revere extension was opened for service on 
October 8, and the Belmont extension on July 20, 1904. 

Details of the construction are given in the following report. 

Extension to Revere. 

Section 61^ Chelsea {Construction in Part by Day Labor ^ in Pari 

hy Contract). 

Division Engineer in Charge. — Frank I. Capen. 

Superintendent of Construction by Day Labor. — Henry J. Wright. 

Contractor for Tunnel Work. — Charles A. Haskin, Boston, Mass. 

This section comprises 2,530 linear feet of 54-inch brick sewer 
and 999 linear feet of 48-inch brick sewer built in open cut, and 608 
linear feet of 54-inch brick sewer built in tunnel. 

It joins Section 10 of the North Metropolitan trunk sewer near 
the junction of Eastern Avenue and Marginal Street, Chelsea, and 
extends northerly along Eastern Avenue and across the land of the 
Boston & Maine Railroad to Crescent Avenue, crossing under the 
tracks of the Gi-and Junction branch of the Boston & Albany Rail- 
road, the tidal inlet known as Bass Creek, the Willoughby Street 
main sewer of the city of Chelsea, and the tracks of the Eastern 
Division of the Boston & Maine Railroad. 

At the beginning of the year construction by day work was 
already in progress, as described in the last report, and about 345 
linear feet of 48-inch sewer northerly from the Eastern Division of 
the Boston & Maine Railroad and 600 linear feet of 54-inch sewer 
southerly from Bass Creek had been built. This construction was 
continued at an average rate of 60 linear feet a week until the 
remaining 2,584 feet of open cut was completed on October 12, 
1904. This included portions between the Eastern Division of the 
Boston & Maine Railroad and Bass Creek, and a length from 600 feet 
south of Bass Creek to within 608 feet of the end of the section at 
Marginal Street. 
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As the construction in open cut approached Marginal Street, 
quicksand was encountered in the excavation. During the construc- 
tion of sections 10 and 12 of the North Metropolitan trunk sewer in 
Marginal Street in 1892-94, difficulties with boiling quicksand 
occasioned serious delay and expense in the excavation. To avoid 
similar delay and expense on this work, a contract was arranged on 
May 3, 1904, with an expert in compressed air construction, and 
the work for a length of 608 feet north from Marginal Street was 
carried out by the pneumatic process in tunnel, under an air pres- 
sure of 10 pounds per square inch in excess of that of the atmos- 
phere. 

The tunnel heading was in fine silt, making it necessary to sup- 
port the masonry on piling. Piles, in bents of three, about four 
feet on centres, were driven in advance of the tunnel heading, which 
was excavated over the top of the piling, and the pile caps, platform 
and masonry placed in position under compressed air. The masonry 
cross-section built was similar to that used in the open cut construc- 
tion. The work was begun on May 26, and an average rate ot 
progress of 65 feet a week was maintained until its completion on 
August 11, 1904. 

Section 62, Chelsea ( Construction in Part by Day Labor, in Part 

by Contract). 

Division Engineer in Charge. — Frank I. Gapen. 

Stq>erintendent of Construction by Day Labor. — Henry J. Wright. 

Contra^or for Tunnel Work. — Charles A. Haskin, Boston, Mass. 

This section comprises 2,788 linear feet of 48-inch brick sewer, 
1,320 feet in tunnel and 1,468 feet in open cut, beginning on Ores- 
cent Avenue, at Eastern Avenue, and running northeasterly across 
marsh land on the line of Crescent Avenue extended and through 
Crescent Avenue and its extension to near the tidal inlet, known as 
Mill Creek, separating Chelsea and Revere. 

The construction was fully described in the last report. At the 
beginning of the year about 540 linear feet in tunnel and about 639 
linear feet in open cut had been completed. The work was con- 
tinued at an average rate of progress of 60 feet a week in open cut 
and 70 feet in tunnel until its completion on April 1, 1904. 
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Mill Creek Crossinc/j CheUea and Revere ( Oonsti*uction by Day 

Labor), 

Division Engineer in Charge. — Frank I. Capen. 

Superintendent of Construction by Day Labor. — Henry J. Wright. 

This work was fully described in the last report. It covers a total 
length of 387 linear feet. The work of construction was continued 
by the methods outlined in the report until its completion early in 
June. All piles driven for supporting the coffer-dam were either 
cut off or pulled, leaving the waterway of Mill Creek unobstructed. 

Extension to Belmont. 
Section 63, Cambridge. 

Division Engineer in Charge, — Frank I. Capen. 
Contractor. — Qow & Palmer, Boston, Mass, 

This section begins on Mt. Auburn Street at Lowell Street, at 
the end of Section 30 of the Cambridge branch of the Metropolitan 
sewer, constructed in 1893, and extends westerly along Mt. Auburn 
Street to Aberdeen Avenue ; thence in Aberdeen Avenue and private 
land, across Homer Avenue, through private land, and across the 
Watertown branch of the Boston & Maine Railroad to Holworthy 
Place ; through Holworthy Place, Holworthy Street and private 
land, across Gushing Street and through Gushing Avenue to the 
Belmont town line. 

The construction of this section was fully described in the last 
report. It comprises 4,780 linear feet of 24-inch by 28-inch and 
1,031 linear feet of 22-inch by 28-inch brick sewer in open cut, and 
about 547 linear feet of 25-inch diameter brick sewer in tunnel. At 
the beginning of the year about 5,100 linear feet had been com- 
pleted. 

The opening on Mt. Auburn Street at Lowell Street, started on 
September 17, 1903, was continued until the masonry was com- 
pleted on March 16, 1904, and the trench partially backfilled; but 
the remainder of the backfilling was postponed until late in March, 
when the frost had left the ground. 

The tunnel headings, started in December, 1903, were continued 
until they were completed on March 5, 1904. 
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CONSTRUCTION ON THE SOUTH METROPOLITAN 

SYSTEM. 

During the year the High-level Sewer, authorized by chapter 424 
of the Acts of 1899 and fully described in earlier reports, has beBn 
practically completed and put into operation. 

At the date of the last report some of the outfall pipes on Section 

43 remained to be placed in the harbor. On Nut Island, Section 

44, the screen-house and machinery were to be erected, and some 

filling and grading on the island and the near-by embankments of 

Section 48 remained to be finished. The connecting chamber at 

the end of the force-main lines, Section 76, at Parker Hill in Rox- 

t^Ury, remained to be completed, and the Ward Street pumping en- 

§■1068 and other machinery to be erected. 

The greater part of this work was completed early in the fall, and 
^Xie pumps at the Ward Street pumping station were started on Oc- 
tober 14, since which date the sewage from that portion of the 
C^Jharles River valley above Vancouver Street, in the Back Bay dis- 
^inict of Boston, has been pumped to the High-level Sewer. 

This Metropolitan district above Vancouver Street includes most 

of Brookline, Newton and the Roxbury district of Boston, and the 

Avhole of Brighton, Waltham and Watertown. A connection for 

territory below Vancouver Street leading easterly along Huntington 

Avenue toward Gainsborough Street, to provide for the sewage of a 

I^ortion of the Back Bay and Roxbury districts of the city of Bos- 

tLon, remains to be completed. The details of this connection are 

vinder discussion with the Charles River Basin Commission and the 

Sewer Department of the city of Boston. Until this branch is built, 

"the sewage of this small district below Vancouver Street will con- 

tiinue to be pumped by the Boston Main Drainage Works. 

On November 22, 1904, the Neponset River valley Metropolitan 
xnain sewer was connected with the High-level Sewer at the junction 
of East River and Monponsett streets, in Hyde Park; and since that 
date the sewage from Metropolitan territory above this point, in- 
cluding the whole of Hyde Park, Dedham, the West Roxbury dis- 
trict of Boston and part of the town of Brookline, has been disposed 
of through the High-level Sewer. 
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The trunk sewer through Quincy and Milton was opened for ser- 
vice on October 14, 1904. 

Sewage from the Xeponset valley Metropolitan area below Hyde 
Park, including small portions of Dorchester and Milton, will con- 
tinue to be discharged through the Boston Main Drainage Works. 
Seyvage from the (Quincy pumping station, at present pumped to 
the Moon Island outlet at Sciuantum, will be delivered to the High 
level Sewer through 24-inch force-main pipes to be laid during the 
coming spring. 

A detailed description of the work of the year follows. 

Section 43^ Quincy and Hull, 

Division Engineer in Charge. — Frederick D. Smith. 

Contractor. — Hiram W. Phillips, Quincy, Mass. (Two contracts.) 

The section comprises two lines of ()0-ineh cast-iron outfall pipes, 
placed below the bed of Boston harbor, extending northerly from 
Nut Island to west of Peddocks Island. The two lines have an 
aggregate length of 10,844 feet. 

At the beginning of the year 4,509 feet remained to be placed on 
the easterly line, and eonsidemble backfilling* on both lines. The 
contractor commenced operations for the season about May 1, and 
the contract work was completed on November 2, 1904. The 
method of placing the pipes has been fully described in earlier 
reports. 

During the year the pipe was placed at an average rate of 1,100 
feet a month. The maximum rate of 48 feet a day was maintained 
for nearly the entire season. While the backfilling of the easterly 
line was in progress, one 48-foot length of pipe was crowded off the 
pile platform, and had to be replaced by the contractor. 

Both lines of pipe were subjected to contract tests for tightness 
after completion, and were found to satisfy contract requirements. 

Section 44^ Quincy. 

Division Engineer in Charge. — Frederick D. Smith. 

Contractor for sewer t sand-catcher^ and screen-chaniher and building foundcUians* — W. H. 

Ellis, Boston, Mass. 
Contractor for screen-Jioiise superstructure and chimney. — Woodbury & Leighton Cknn- 

pany, Boston, Mass. 

Early in the year the screen-chamber, sand-catcher and building 
foundations were completed. About May 1 work on the screen- 
house chimney was begun. The house was designed by Shepley, 
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Rutan & Ooolidge, architects, and is 78 feet long by 60 feet wide 
and about 40 feet in height. It is built of dark red brick, with 
rustications of gray headers, with Quincy granite trimmings. It 
provides a room about 47 by 48 feet for screens and valves ; a boiler 
room 25 by 30 feet; and a coal storage room 25 feet square, provid- 
ing storage for about 200 tons of coal. In addition, the building 
contains a large vestibule, office and toilet room. The chimney, 
about 100 feet high, is placed at the easterly end of the building. 
The building was completed on October 15, 1904. 

In the boiler room are two 80 horse-power, vertical, internally 

fired, tubular boilers of the Dean type, with shells 80| inches in 

diameter, each boiler having 208 tubes, 2 inches in diameter and 10 

feet long. These boilers were built by Edward Kendall & Sons, 

C^ambridge, and furnish steam for heating the building and operating 

^he screens in the screen room. 

There are four screens, two in each duplicate channel of the screen 
«rooni. They are about 12 feet square, with clear openings between 
l3ars of f inch, so that they will intercept practically all the floating 
Oaatter in the sewage that might be found objectionable in the har- 
bor. They are raised and lowered by small reversing engines of the 
IFitchburg type. The screens and connections were furnished and 
-erected by the Lockwood Manufacturing Company of East Boston. 
IlViatters intercepted on the screens are pressed and afterwards burned 
vinder the boilers. 

The house and machinery were ready for operation early in Oc- 
tober. Considerable grading on Nut Island remains to be completed 
<3uring the coming year. 

Sections 45^ 46 and 47^ Quinaj, 
These contracts were completed prior to December 31, 1903. 

Joining on Embankment and Completing Rock Island Road, Section 

48y Quincy, 

X)ivi8ion Engineer in Charge, — Frederick D. Smith. 
dontractor, — J. J, Moebs, Boston, Mass. 

For completing embankment filling, and loaming and grading the 
slopes, a Contract was arranged early in the year, involving the 
* placing of 6,600 yards of sand filling, 4,400 yards of loam on em- 
bankment slopes, and about 670 yards of broken stone over the line 
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of Rock Island Road, so called, passing the embankment. The 
work of filling and grading commenced about June 10, and was 
completed about October 15, 1904. 

Sections 48 to 7/7, inchtsive. 

The work through Quincy, Milton, Hyde Park and Roxbury was 
completed to the end of the force mains for the Ward Street pump- 
ing station at Parker Hill, Roxbury, prior to the beginning of the 
year, and has been fully described in earlier reports, under sections 
48 to 75. 

Section 76, Roxhurtf, 

Division Engineer in Charge. — Frank I. Gapen. 
Contractor. — H. P. Nawn, Boston, Mass. 

This section consists of duplicate lines of 48-inch cast-iron force 
mains and appurtenances, extending from near the Ward Street 
pmiiping station to the end of the Section 75 tunnel near the 
comer of St. Alphonsus and Tremont streets, Roxbury. The 
easterly line extends tlirough Ward, Phillips, Oonant, Oregon, 
Smith and St. Alphonsus streets, and the westerly through Ward 
and St. Alphonsus streets. 

The cast-iron pipe under this contract was all laid last year, as 
described in the third annual report. At the beginning of the year 
a small amount of masonry remained to be introduced in the valve- 
chamber at the upper end of the pipe lines on St. Alphonsus Street. 
This was completed the latter part of January. During the year 
controlling valves have been installed in this chamber, and the 
lines tested for leakage. A pressure of about 60 pounds per square 
inch, as specified in the contract, was applied to the pipes, which 
were found sufl5ciently tight. 

Section 77, Roxbury. 

Division Engineer in Charge. — Frank I. Capen. 

Contractor for Pumping Station and Connections, — L. P. Soule & Son, Boston, Mass. 

Contractor for Pumping Plant. — Allis-Chalmers Company, Milwaukee, Wis. 

This section includes the Ward Street pumping station and its 
cormections with force mains and suction sewer. 

The pumping station buildings were described at considerable 
length in the last annual report. At the beginning of the year the 
station walls were completed and the roof partially built. The 
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engine house roof was finished in January, and the boiler house 
roof in February. 

The interior finish, excepting the basement and engine room 
floors and the carpenter work at the main entrance on Ward Street, 
was completed early in May. This main entrance and the basement 
floor were finished in September, after the heavy parts of the ma- 
chinery had been moved into the building. Work is now in prog- 
ress on the finished tile floor in the engine room. 

Early in the spring the work of subgrading the grounds and roads 
about the buildings was carried out by day labor, under the direction 
of the Engineer. 

From April to September the 4S-inch controlling valves on the 
force mains in the station basement, the Venturi meter on the west- 
erly force main, and a SB-inch cast-iron by-pass pipe, extending 
firom the force mains around the station to the suction sewer, were 
placed by day labor, under the direction of the Engineer. 

The Allis-Chalmers Company of Milwaukee, who are furnishing 
and erecting the pumping engines and steam plant at the station, 
commenced erection early in January. The plant consists of two 
50-mlllion gallon, vertical, triple-expansion pumping engines, with 
steam cylinders of 21, 38 and 58 inches diameter. The pump 
plungers are 48 inches in diameter, with 60-inch stroke. The max- 
imum contract lift is 45 feet. The steam is furnished by four 93- 
inch diameter, internally-fired, vertical tubular boilers of the Dean 
type, each having 308 tubes, 2 inches in diameter and 15 feet long. 
It is intended to use two boilers with an engine, and duplicate lines 
of steam piping have been arranged and installed, so that each boiler 
«an be used with either engine. 

For lighting the station, two direct-connected generators, having 
a capacity of 350 1 6-candle-power lamps each, were furnished and 
installed by the American Engine Company of Bound Brook, N. J. 

In the screen room are four screens, two in each duplicate chan- 
nel. They are about 10 feet square, with clear openings between 
bars of |^ inch, so that they will intercept pmetically all the floating 
matters in the se^vage that would interfere with the opemtion of the 
pumps. These screens arc raised and lowered bv small reversing 
engines of the Fitchburg type. The screens and connections were 
furnished and erected by the Lockwood Manufacturing Company of 
East Boston. 
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Engine No. 2 was started fii'st on September 19, and engine No. 
1 on Septenaber 24. The formal engine tests specified in the con- 
tract have not been made, but satisfactory arrangements for the use 
of these engines prior to their formal test and acceptance have been 
made by the Board with the contractor, so that the station was put 
into regular service for the disposal of sewage on October 14. 

Connection of Section 78 {Suction Sewer) loitli the Charles liiver 
Valley Sewer at Ruggles Street^ Roxbury ( Construction by Day 
Labor). 

Division Engineer in Charge* — Frank I. Capen. 
Superintendent of Day Labor Construction. — Henry J. Wright. 

During the months of July and August the actual connection 
between Section 78 of the High-level Sewer and Section A of the 
original Charles River valley main sewer was made at the corner of 
Vancouver and Ruggles streets. The connection involved the intro- 
duction of a bellmouth and valve-chamber along the line of the 
Charles River sewer. The masonry section involved a 12-inch 
brick arch and an invert of Portland masonry, reinforced with 
Portland concrete, the whole supported on a platform aad pile 
foundation. 

The chamber introduced provides for turning the sewage flow in 
the Charles River main sewer either to the Boston Main Drainage 
Works or to the Metropolitan High-level Sewer. 

.Temporarily during construction the flow in the Charles River 
sewer was carried across the line of the work in 48-inch cast-iron 
pipes. 

MAINTENANCE. 

Scope of Work and Force EMPLorED. 

The maintenance of the Metropolitan Sewerage systems includes 
the operation of seven stations and 95.5 miles of Metropolitan sew- 
ers, receiving the discharge from 964.5 miles of town and city 
sewers at 298 points, together with the care and study of inverted 
siphons under streams and in the harbor. 

The permanent maintenance force of 115 men includes 65 engi- 
neers and other employes at the pumping stations, and 50 men 
employed on actual sewer maintenance and care of pumping station 
grounds. In the three following tables the use of the completed 
systems and other data are shown : — 
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CAPACITY AND RESULTS. 

The following tables summarize the pumping records for the year 
• for the Metropolitan stations : — 



North Metropolitan System. 

Deer Island Pxunping Station. 

At this station are three submerged centrifugal pumps, with im- 
pellers or wheels 8.25 feet in diameter, driven by triple-expansion 
engines of the Reynolds-Corliss type. 

Contract capacity of pumps: 45,000,000 gallons each, with 19-foot lift. 

Average duty for the year: 45,900,000 foot-pounds. 

Average quantity raised each day: 57,200,000 gallons. 

Force employed: 3 engineers, 3 firemen, 6 screenmen and 1 reliefman. 

Coal used: first-quality Cumberland, costing from $3.45 to $3.90 per ton. 

Table of Approximate Quantities^ Lifts and Dviies at the Deer Island Pump- 
ing Station of the North Metropolitan System. 



Months. 


Total 
Pumpage 
(Gailone). 


Average 

per Day 

(OalloDs). 


Minimum 

Day 
(Gallons). 


Maximum 

Day 
(Oallona). 


Average 
Lift 

(Feet). 


Average 

Duty (ft.-lbs. 

per 100 lbs. 

Coal). 


1904 

January, . 


• • 


1,603,900,000 


51,700,000 


40,600,000 


90,400,000 


10.74 


44,000,000 


February, . 






1,830.100,000 


56.200,000 


46,200,000 


87,800,000 


10. 8S 


45,000,000 


March, 






: 2.462,700,000 


79,400,000 


61,100.000 


124,800,000 


11.72 


51,900,000 


April. 






2,407,400,000 


80,200,000 


52,600.000 


145,000,000 


11.77 


67,^00,000 


May, . 






2.458,800,000 


79,300,000 


60,600,000 


119,200.000 


11.66 


57,800,000 


Jane, . 






1,624,500,000 


54,200,000 


43,100,000 


72,400,000 


10.65 


44,700,000 


July, . 






1,492,900,000 


48,200,000 


40,800,000 


58,100,000 


10.00 


41,200,000 


August, . 






1,364,400,000 


44,000,000 


36,600,000 


57,800,000 


10.11 


41,200,000 


September, 






1,423,600,000 


47,500,000 


37,300,000 


89,800,000 


10.10 


42,500,000 


October, . 






1,390,700,000 


44.900,000 


37,300,000 


65,800,000 


10.21 


41,300,000 


November, 






• 1,447,600,000 

1 


48,300,000 


42,600,000 


74,600,000 


10.50 


40,900,000 


December, 


a 




1,613,400,000 
120,920,000,000 


53,000.000 


44,900.000 


92,700,000 


10.84 


43,000,000 


Total, . 


1 


- 


- 


- 


Average, . 


4 




1 


57,200,000 


45,300,000 


89,800,000 


10.81 


46,900,000 
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East Boston Pumping Station, 

At this station are three submerged centrifugal pumps, with im- 
pellers or wheels 8.25 feet in diameter, driven by triple-expansion 
engines of the Reynolds-Corliss type. 

Contract capacity of pumps: 45,(XK),000 gallons each, with 19-foot lift. 

Average duty for the year: 66,000,000 foot-pounds. 

Average quantity raised each day: 55,000,000 gallons. 

Force employed : 3 engineers, 3 firemen, 6 screenmen and 1 reliefman. 

Goal used: first-quality Cumberland, costing from 33.30 to $3.90 per ton. 

Tuble of Approximate Quantities^ Lifts and Duties at the East Boston Pump- 
ing Station of the North Metropolitan System, 



Months. 


Total 
Pampage 
(Gallons). 


Average 
per Day 

(Gallons). 


Minimum 

Day 
(Gallons). 


Maximam 
Day 

(Gallons). 


Average 

Lift 
(Feet). 


Average 

Duty (ft..lbs. 

per 100 lbs. 

Coal). 


. 1904 


• 

» • • 


1,541,900,000 


49,700.000 


38,600,000 


88,400,000 


15.19 


52,600,000 


February, 


• * 






1,572,100,000 


54,200,000 


44,200,000 


85,300,000 


15.31 


50,500,000 


M^rch, 


» a 






: 2,400,700,000 


77,400,000 


59,100,000 


122,800,000 


15.51 


58,800,000 


-^Prll, 








J 2,347,400,000 


78,200,000 


50,600,000 


143,000,000 


15.53 


61,100,000 


^■^y. . . 








2,396.800,000 


77,300,000 


58,600,000 


117,200,000 


15.57 


60,500,000 


«^^Oe,. 








1,564.500,000 


52,200,000 


41,100.000 


70,400,000 


15.27 


57,200,000 


J^iy, . . 








1,375,900,000 


44.400,000 


37,800.000 


63,100,000 


15.17 


54,400,000 


AugMt, . 








1,297,400,000 


41,900,000 


34,600.000 


55.800,000 


15.26 


56,600,000 


September, 








1,368,600,000 


45,500,000 


35,300,000 


87,800,000 


16.13 


55,300,000 


October, . 


» 4 






1,828.700,000 


42.900,000 


35,300,000 


63,300,000 


16.14 


55,100,000 


^''ovember, 






1,387,600,000 


46,300,000 ' 


40,600,000 


72,600,000 


16.29 


56,200,000 


I>ec6mber, 






1,551,400,000 


50,000,000 


42,900.000 


90,700,000 


16.34 


53,100,000 


Toul, . . 


20,128,000,000 

t 


1 
1 


- 


- 


- 


A.verag 


e, . 






" 


55,000,000 


43,200,000 


87,500,000 


15.64 


56,000,000 
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Charlestown Pumping Station. 

At this station axe three submerged centrifugal pumps, two of 
them having impellers or wheels 7.5 feet in diameter, the other 
8.25 feet in diameter. They are driven by triple-expansion engines 
of the Reynolds-Corliss type. 



Contract capacity of pumps: two, 22,000,000 gallons each, with 11-foot lift ; one, 60,000,000 

gallons, with 8-foot lift. 
Average duty for the year: 43,200,000 foot-pounds. 
Average quantity raised each day: 31,100,000 gallons. 
Force employed : 3 engineers, 3 firemen, 6 screenmen and 1 reliefman. 
Coal used: first quality Cumberland, costing from $3.45 to $4.38 per ton. 

Table of Approximate Quantities^ Lifts and Duties at the Charlestown 
Pumping Station of the North Metropolitan System. 



Months. 



Total 
Pa m page 
(Gallons). 



Average 
per Day 
(GallODs). 



Minimum 

Day 
(Gallons). 



Maximum 
Day 

(Gallons). 



Average 

Lift 
(Feet). 



Average 

Duty (ft. -lbs. 

per 100 lbs. 

Coal). 



1904 

January, 

February, 

March, 

April. 

May, . 

June, . 

July, . 

August, 

September, 

October, 

November, 

December, 

Total, . 

Average, 



1,000,600,000 

966,100,000 

1,198,800,000 

1,161,000,000 

1,171,000,000 

875,800,000 

865,000,000 

858,700,000 

842,000,000 

765,500,000 

786,800,000 

902,700,000 



11,894,000,000 



32,300,000 
33,300,000 
88,700,000 
38,700,000 
37,800,000 
29,200,000 
27,900,000 
27,700,000 
28,100,000 
24,700,000 
26,200,000 
29,100,000 



31,100,000 



26,600,000 
28,300,000 
81,300,000 
29,200,000 
31,300,000 
24,500,000 
24,200,000 
24,200,000 
22,800,000 
20,800,000 
23,200,000 
24,200,000 



25,900,000 



48,600,000 


8.05 


49,300,000 


8.07 


67,900,000 


8.43 


64,000,000 


8.43 


61,800,000 


8.38 


34,500,000 


7.84 


34,400,000 


7.77 


36,200,000 


7.72 


49,000,000 


7.76 


34,400,000 


7.97 


89,800,000 


7.81 


46,700,000 


7.86 


45,500,000 


8.01 



40,900,000 
42,100,000 
51,100,000 
52,900,000 
63,900,000 
89,000,000 
89,000,000 
41,200,000 
42,300,000 
86,900,000 
89,200,000 
89,800,000 

48,200,000 
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Alewi/e Brook Pximping Station. 

The plant at this station consists of the original installation of 
small commercial pumps and engines, i,e,^ two 9-inch Andrews 
vertical centrifugal pumps, with direct-connected compound marine 
engines, together with the recent additions. The latter consist of a 
8p>ecially designed engine of the vertical cross-compound type, hav- 
ing between the cylinders a centrifugal pump rotating on a horizontal 
axis. 



Contract cai>acity of the two original pumps: 4,500,000 gallons each, with 13-foot lift. 

Contract capacity of new pump : 13,000,000 gallons, with 13-foot lift. 

■Average duty for the year : 17,900,000 foot-pounds. 

•^▼erage quantity raised each day: 3,546,000 gallons. 

Force employed : 3 engineers. 

Cosil used : first quality Cumberland, costing from $3.71 to $4.73 per ton. 

'^<xUe of Approximate Quantities^ Lifts and Duties at the Alewife Brook 
Pumping Station of the North Metropolitan System, 



Months. 



Total 

Pampage 

(OalloDs). 



Average 

per Day 

(G-alloDs). 



Minlmam 
Day 

(G-alloDs). 



Maximam 
Day 

(Gallons) . 



Average 

Lift 
(Feet). 



Average 

Duty (ft..lba. 

per 100 lbs. 

Coal). 



1904 



''^Unary, 
^•"bniary, 

^X>rU, 

^•Pteinber, 
^^«tober, . 
November. 
December, 

Toul, . 

Average, 



110,062,000 


3,560,000 


2,692,000 


7,167,000 


12.96 


116,879,000 


4,013,000 


2,881,000 


7,580,000 


12.98 


188,666,000 


5,921,000 


3,968,000 


8,996,000 


12.49 


166,851,000 


6,212,000 


3,788.000 


9,173,000 


12.41 


168,906,000 


5,126,000 


3,880,000 


7,875.000 


12.46 


101,217,000 


3,374,000 


2,698,000 


4,677,000 


12.83 


84,397,000 


2,723,000 


1,994,000 


4,027,000 


13.15 


09,408,000 


2,239,000 


1,645,000 


8,526,000 


13.26 


81,272,000 


2,709,000 


1,616,000 


6,400,000 


13.26 


74,171,000 


2,893,000 


1,868,000 


3,674,000 


13.23 


74,626,000 


2,487,000 


2,120,000 


4,664.000 


13.25 


86,766,000 


2,799,000 


2,414,000 


6,335,000 


13.29 


1,297,119,000 


- 


- 


- 


- 


3,646,000 


2,572,000 


6,157,000 


12.96 



18,200.000 
20.400.000 
24,400.000 
22.200.000 
22,100.000 
16.600,000 
16,100,000 
18,800,000 
16,800,000 
14,300.000 
14,600,000 
15,900,000 

17,900,000 
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South Metropolitan System. 

Quincy Pumping Station. 

At this station are two compound condensing Deane pumping 
engines. 

Contract capacity of pumps: one, 3,000,000 gallons, the other, 5,000,000 gallons, with 36- 
foot lift. 
Ayerage duty for the year : 36,400,000 foot-pounds. 
Average quantity raised each day : 3,651,000 gallons. 
Force employed : 3 engineers and 1 screenman. 
Coal used: first-quality Cumberland, costing from $4.20 to $5.04 per ton. 

Table of Approximate Quantities^ Lifts and Duties at the Quincy Pumping 

Station of the South Metropolitan System. 



MOHTHS. 


ToUl 
Pa m page 
(QalloDs). 


Average 

per Day 

(OallODs). 


Minimum 

Day 
(OalloDs). 


Maximum 

Day 
(GalloDB;. 


Average 

Lift 
(Feet). 


Average 

Duty (ft..lb8. 

per 100 lbs. 

Coal). 


1904. 

January, . 


■ . . 


81,296,000 


2,622,000 


2,291,000 


3,182,000 


86.32 


29.900,000 


February, . 








98,621,000 


3,401,000 


2,691,000 


6,427,000 


37.73 


85,600,000 


March, 








177,415,000 


5,723,000 


4,675,000 


8,391,000 


36.12 


40,500,000 


April, 








161,500,000 


5,383,000 


4,608,000 


8,367,000 


36.62 


48,200,000 


May, . 








185,903,000 


5,997,000 


5,080,000 


7,654,000 


39.26 


43,600.000 


June, . 








131.342,000 


4,378,000 


2,900,000 


5,227,000 


88.84 


42,200.000 


July, . 








96,760,000 


3,121.000 


2,480,000 


4,419,000 


36.10 


86,900,000 


August, 








80,153,000 


2,586,000 


2,347,000 


3,167,000 


86.60 


34.200,000 


September, 






80,270,000 


2,675,000 


2,225,000 


3,882,000 


86.90 


34,200,000 


October, . 






80,113,000 


2,584,000 


2,396,000 


8,627.000 


86.19 


82.800,000 


November, 






84,070,000 


2.712,000 


2.533,000 


3,605,000 


86.04 


82,600,000 


December, 






81,367,000 


2,625,000 


2,059,000 


8,132,000 


87.72 


32,000,000 


Total, . 


1,838,810,000 


- 


- 


- 


- 


- 


Average, 






- 


3,651,000 


3,015,000 


4.998,000 


86.68 


36,400,000 
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Ward Street Pumping Station. 

At this station are two vertical, triple-expansion pumping en- 
gines, of the Allis-Chalmers type, operating reciprocating pumps, 
the plungers of which are 48 inches in diameter with a 60-inch 
stroke. 

Contract capacity of pami»: 60,000,000 galloDS each, with 45-foot lift. 
Average quantity raised each day from October 14, 1901 to December 31, 1904 : 12,700,000 
gallons. 

TcMe of Approximate Quantities at the Ward Street Pumping Station oj the 

South Metropolitan System. 



Months. 



Total 
Pampage 
(Oallons) . 



Average 

per Day 

(OalloDs). 



Minimum 
Day 

(Gallons). 



Maximum 

Day 
(Oallona). 



Oetober,* . 

NovemlMr, 

December, 



1904. 



Total. . 
Average, 



188.900,000 
406,700,000 
412,800,000 



1,002,900,000 



10,200,000 
13,600.000 
13,800,000 



12,700,000 



6,900,000 

7,900,000 

10,800,000 



8,&00,000 



18,600,000 
27,600,000 
23,100,000 



21,400,000 



* From October 14 only. 



In the following tables the total cost of pumping and the rate 
per million foot-gallons at each of five pumping stations are shown 
in detail : — 



Average Cost per Million Foot-gallons for Pumping at the Deer Island Station. 

Volume (20,920 Million Oallons) xLift (10.81 Feet)=226,145 Million Foot-gallons. 



Items. 



Cost. 



Labor, 

Chml 

Oil, 

Waste, 

Water, 

Packing, 

Miscellaneous snpplles and renewals, 

Totals, 



$11,368 51 

7,330 20 

192 02 

74 47 

1,209 60 

72 30 

916 44 



$21,163 54 



Cost 

per Million 

Foot gallons. 



$0.05027 
.03241 
.00085 
.00033 
.00535 
.00082 
.00405 



$0.09368 
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Average Cost per Million Foot-gallons for Pumping at the East Boston Station. 

Volame (20,128 Million aalloD8)xLift (16.64 Feet)=314,802 MiUion Foot-gallons. 



Items. 





Cost 


Coft. 


per Million 
Foot-gallons. 




$10,550 24 


$0.08351 


7,997 62 


.02540 


258 77 


.00081 


65 77 


.00018 


040 80 


.00299 


11 78 


.00004 


586 89 


.00171 


$20,846 77 


$0.06464 



Labor 

Coal, 

Oil, 

Waste, . ' 

Water 

Packing, 

Miscellaneous supplies and renewals. 

Totals, 



Average Cost per Million Foot-gallons for Pumping at the Charlestown Station, 

Volume (11,394 Million Gallons) xLift (8.01 Feet;=01,266 Million Foot-gallons. 



Items. 




Cost 

per Million 

Foot- gallons. 



Labor, 

Coal 

Oil, 

Waste 

Water 

Packing, 

Miscellaneous supplies and renewals, 

Totals 



$9,985 88 

8,156 85 

171 80 

70 49 

410 40 

78 77 

669 51 



$14,640 70 



$0.10942 
.03458 
.00188 
.00077 
.00449 
.00084 
.00734 



$0.16932 



Average Cost per Million Foot-gallons for Pumping at the Alewife Brook 

Station. 

Volume (1,297.119 Million Gallons) X Lift (12.96 Feet) =16,811 Million Foot-gallons. 



Items. 




Cost 

per Million 

Foot-gallons. 



Labor, 

Coal 

Oil, 

Waste, 

Water, 

Packing 

Miscellaneous supplies and renewals, 

Totals, 



$3,377 09 

1,030 88 

110 91 

40 57 

242 40 

19 77 

447 76 



$5,868 88 



$0.20089 
.09698 
.00659 
.00241 
.01442 
.00118 
.02664 



$0.84911 



Average Cost per Million Foot-gallons for Pumping at the Quincy Station, 

Volume (1,338.81 Million Gallons) X Lift (36.53 Feet) =48,907 Million Foot-gallons. 



Items. 




Cost 

per Million 

Foot-gallons. 



Labor, 

Coal, 

Oil 

Waste 

Water, 

Packing, 

Miscellaneous supplies and renewals. 

Totals 



$3,888 97 

2,588 85 

26 95 

10 43 

201 86 

89 84 

638 16 



$7,885 05 



$0.07952 
.06288 
.00055 
.00021 
.00418 
.00082 
.01294 



$0.15100 
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Material Intercepted at the Screens. 

The sewage of the North Metropolitan District, on entering the 
three main line pumping stations and before reaching the pumps, 
is screened through cages, provided in duplicate, and i-aised or low- 
ered by steam power. This intercepted material consists of rags, 
paper and other floating matter, and amounted to a total of about 
2,084 cubic yards during the year. This is equivalent to about 2.7 
cubic feet for each million gallons of sewage pumped at Deer Island. 

Care of Special Structures. 

Daring the year the wharf at Deer Island has been reinforced 
with 50 new oak piles, and some of the stringers and a portion of 
the planking have also been renewed. The cast-iron water piping 
in the grounds about the pumping station has been extended during 
the year to improve the fire protection at the dwelling house and 
lockers, involving the placing ot about 1,000 feet of 4-inch and 
6-inch pipe and 2 hydrants. About 400 tons of riprap have been 
deposited on Deer Island bar over the line of the outfall sewer. 

Heavy riprap has been placed on the earth slopes about the shore 
structures at both ends of the Maiden River siphon, and the em- 
bankment over the sewer across the marsh on the Everett side of 
the siphon has been repaired. This work has involved the placing 
of 500 tons of stone. 

The sewage flow in the old Mystic valley sewor in AVinchester 
has at times surcharged the sewer, so that it has been found desir- 
able to connect the Cummingsville branch. Section 47, with the 
low-level sewer. Section 44, built in 1893. This connection was 
made by the maintenance force during the year. About 130 feet of 
18-inch Akron pipe, reinforced with concrete, were laid at an average 
depth of 10 feet from near the junction of Lake and Main streets, 
through Lake Street, to the lower end of the siphon under the 
Wedge Pond culvert. The sii)hon is thus abandoned and a free out- 
let at a lower level obtained for the Cummingsville branch, thereby 
to a great extent relieving the old Mystic valley sewer. 

Studies of sewage flow in the Metroi)olitan sewers, sii)hons and 
outfoU pipes indicate freedom from deposits and satisfactory condi- 
tions in general. 
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FUTURE EXTENSION OF THE METROPOLITAN SEWER 
INTO THE HKIHER TERRITORY OF BROOKLINE, 
BRIGHTON AND NEWTON. 

The Board was directed, by chapter 230 of the legislative Acts of 
1904, *' to detemaine the location, elevation and size of the Metro- 
politan High-level Sewer above the point where the sewage from 
the Charles River valley is to be received." 



South Metropolitax System. 

Chapter 424 of the legislative Acts of 1899 constituted the South 
Metropolitan System by combining the original Charles River Met- 
ropolitan district, the original Neponset valley Metropolitan dis- 
trict, the city of Quincy, and parts of the Dorchester, Roxbury and 
West Roxbury districts of the city of Boston. The system as at 
present constituted provides for the drainage of 102 square miles of 
Metropolitan territory in Suffolk, Norfolk and Middlesex counties, 
and includes the whole or parts of 9 cities and towns, having a pres- 
ent population of 318,000, as set forth in the following table, and 
outlined on the general map accompanying this report : — 

Table No. 1. — Showing Areas and Popidations in South Metropolitan Dis- 
trict December 31^ 1904. 



City or Town. 




PopnlatioD, 

December 81, 

1004. 



Boatoo (portioDB of), 

Brookline, 

Dedbam,* 

Hyde Park, 

MiltOD 

Newton, 

Qaincy, . . 

Waltbam, 

Watertown, 

Totals, 

* Part of town. 



20.92 

6.81 

9.40 

4.67 

12.69 

18.03 

12.56 

13.68 

4.04 



102.66 



155,800 
25,100 

7,400 
14,700 

7,900 
39,900 
28,400 
27,600 
11,500 



818,800 
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The higher portions of this district, embracing an area of 64 
square miles, with a present population of 179,000, are at sufficient 
elevation to permit their sewage to be collected in a trunk sewer 
and conveyed by gravity to an outlet in the harbor. The sewage 
from the 39 square miles of lower territory, with a present popu- 
lation of 139,000, will always need to be pumped. This division 
of the South Metropolitan territory into high-level and low-level 
sections is outlined on the general map and set forth in the fol- 
lowing tables : — 

Table No. 2. — Showing Area of Sovth Metropolitan District that may be 
drained by Gravity, with Estimated Population December 31, 1904. 



City or Town. 



Area (Square 
MileB). 



Population, 

December 81, 

1004. 




16.09 
5.40 
9.40 
4.57 
11.50 
18.35 
4.80 



103,400 
18,100 

7,400 
14,700 

7,200 
25,700 

8,000 



68.70 



170,500 



* Part of town. 



-*--a.hle No. 3. — Showing Area of South Metropolitan District the Sewage 
from which will require Pumping, with Estimated Population December 
31, 1904. 



me. 



^^^ton. 

"^t^rtown, 
Totals. 



City or Town. 



Area (Square 
Miles). 



5.83 
1.82 
1.09 
4.68 
8.26 

13.63 
4.04 

38.85 



Population, 

December 31, 

1904. 



52,400 
12,000 
700 
14,200 
20,400 
27,600 
11,500 
138,800 
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The High-level Sewer, 

Chapter 424 of the Acts of 1899 further authorized the construc- 
tion and operation of a main sewer and appurtenances, known as the 
High-level Sewer, for the disposal of sewage from this South 
Metropolitan area by gravity. This trunk sewer has been under 
construction for the past four years, and has but recently been com- 
pleted and put into operation. It is designed to receive and carry 
by gravity the sewage from the G4 square miles of high-level ter- 
ritory outlined in Table No. 2. Sewage from the original Charles 
River district is at present lifted to it by pumps at a station on Ward 
Street in Roxbury. The sewage of parts of the city of Quincy will 
be pumped to it at a station in Merry mount Park in that city. A 
small district of about 2 square miles, from which sewage may 
eventually be raised to the High-level Sewer, includes portions of 
Dorchester and Milton, extending from Hyde Park to Granite 
Bridge. It is at present tributary to the lower portion of the origi- 
nal Neponset valley Metropolitan sewer, and will probably con- 
tinue to discharge into the Boston Main Dminage Works for some 
years. 

The High-level Sewer, so far as authorized by legislative acts and 
already constructed and in operation, has a length of about 17 miles, 
extending from the Ward Street pumping station in Roxbury to 
an outlet in the outer harbor a mile below Nut Island in Quincy. 
The outfall works involve two lines of 60-inch cast-iron pipe 
laid below the bed of the harbor, from the outlet to Nut Island. 
A screen-house, sand-catcher and gate-chamber for regulating the 
sewage flow are located on the island. At this point the sewer 
is about 11 feet wide and 12 feet high. Its invert, by the Met- 
ropolitan Sewerage base, which is 100 feet below the city of 
Boston base, is at elevation 110, or mean high water of the 
harbor. It extends through Quincy, follows along Unkety and 
Pine Tree Brook valleys in Milton to Hyde Park, thence passing 
through the Neponset-Stony Brook divide, along the westerly side 
of the Stony Brook valley to near the easterly side of Jamaica Pond, 
at the junction of Perkins and Centre streets in Jamaica Plain, 
where a branch has been left for future extension of the works into 
the higher territory of Brookline, Brighton and Newton. At this 
point it is about 9 feet in diameter, and its invert elevation is about 
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131.5 feet, or 21.5 feet above mean high water of the harbor. From 
here the sewer is 6 feet 6 inches ^nde and 7 feet high, and extends 
northerly through Parker Hill to near the junction of St. Alphonsus 
and Smith streets in Roxbury, connecting with two 48-inch force 
mains from the Ward Street pumping station, which convey to it the 
sewage from the original Charles River main sewer. A detailed 
description of this construction is given in the eleventh and twelfth 
reports of the Metropolitan Sewerage Commission and the first to 
fourth reports of the Metropolitan Water and Sewerage Board. 

Present JHeed of defining Location for Extension of High-level 

Sewer. 

Section 8 of chapter 424 of the Acts of 1899 provides that only 
separate sewage from new districts shall be received into the High- 
level Sewer. Chapter 383 of the Acts of 1903 requires that *' Any 
city or town using any metropolitan sewer may, in any year, and 
shall in any year specified by the officer or board having charge of 
said sewers, expend one-twentieth of one per cent, of its taxable 
valuation, to be met by loan outside the debt limit, in the construc- 
tion, in connection with said sewers, of branch intercepting sewers, 
connections of existing sewers with intercepting sewers, branch 
drains, sewers or drains in any street where one thereof only shall 
have been built, and the necessary connections aforesaid." Chapter 
465 of the Acts of 1903 provides for a park basin in the Charles 
River valley above Craigie Bridge. All these facts foreshadow an 
early construction of separate systems of sewerage by municipalities 
of the South Metropolitan District which at present have combined 
sewers. 

The town of Brookline and the Back Bay, Brighton, Roxbury, 
West Roxbury and Dorchester districts of the city of Boston are 
nt)W largely sewered on the combined system. To proceed intelli- 
gently with the design for separate systems of sewerage for these dis- 
tricts requires detailed information relating to the future extension 
of the High-level Sewer. Studies to develop this information are 
authorized by the recent legislative action (chapter 230, Acts of 
1904), directing the Board to define the location and size of this 
extension. 
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District Involved in Study for Extension of the High-level Sewer, 

Metropolitan areas that may be traversed by this extension are 
set forth in the following table : — 

Table No. 4. — Showing Areas Involved in Study for Extension of the 

High-level Sewer above Jamaica Plain. 



CiTT OR Town. 



BottOD : — 

Back Bay district, . 

Brighton district, 

West Rozbary (part of), . 
Brookline, . . . . 



Area 
(Bqaare 
Milea). 



1.61 
4.27 
0.18 
6.81 



CiTT OB Town. 



Newton, 
Waltham, 
Watertown, . 
ToUl, . 



• • 



Area 

(Square 
Miles). 



18.03 

18.08 

4.04 



48.67 



Anticipated Volume of Sewage. 

To determine the size for the extension of this sewer through the 
teiTitory set forth above involves certain approximations of the vol- 
ume of sewage to be anticipated in future years. In public works 
of this character provision is usually made for a generation. The 
High-level Sewer already constructed was intended to provide for 
anticipated conditions in the year 1940, and it would seem proper to 
provide for this extension to the same date. Sewage which reaches 
an intercepting sewer of this character is made up largely of public 
and private water supplies, leakage of ground water into the sewer, 
and a small amount of surface water. It is usual to estimate its 
volume by a per capita rate. 

PoTpulation, 

Several forecasts of population on Metropolitan areas have been 
prepared by the engineers of the Metropolitan Water Board, Met- 
ropolitan Sewerage Commission and State Board of Health. There 
is a substantial agreement in all these forecasts, and the populations 
adopted for this study and set forth in the following table are as 
liberal as any that have been suggested. 
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J^jLBLE No. 5. — Forecasts of Populations Jor Areas Involved in Studies 
for the Extension of the High-level Sewer above Jamaica Plain, from 
A.D. 1905 to 1940. 



CiTT OR Town. 



Estimated Popui^ations. 



1005. 



1010. I 1015. 

I 



lOSO. 



10S5. 



1080. 



1085. 



1040. 



iton: — 
Back Bay dUtrlet, . 
Brighton district, 
West Rozbury (part of), 
Brookline, 

N'ewton 

Waliham 

W'atertown, ... 
Totals, ... 



24,400 


28,000 


31.000 


24,400 


31,000 


38.200 


350 


650 


850 


25,100 


32.500 


41,000 


39,900 


52,500 


66,000 


27,600 


34,000 


40,800 


11,500 


14.500 


17,500 


153,250 


193,050 


235,350 



34.500 


39.000 


45,000 


52,000 


47,100 


57,100 


68,000 


80,000 


1,250 


1,700 


2.200 


2,800 


60,000 


61,000 


73,000 


86,000 


80,000 


95,000 


111,000 


127,000 


49.000 


58,800 


69,000 


79,000 


21,000 


25,500 


30,600 


36,000 


282.850 


338,100 


898,700 


462,800 



60,000 

93,000 

3,500 

101,000 

144,000 

89,000 

42.000 

682,500 



A subdivision of these populations has been prepared, indicating 
what may be anticipated on areas drained by gravity, and what may 
be assumed to be permanently tributary to the low-level system, as 



set forth in the following table : — 
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From this table it appears that the total present population on 
areas tributary by gravity to an extension of the High-level Sewer 
may be 45,350, and that in 1940 it may have increased to 177,500 ; 
and that the present population on the low-level pumped area may 
be 106,600, and in 1940 may have increased to 337,500. 

Per Capita Rate to he used in Determining Size of Seiver, 

The amount of sewage per capita to be provided for in the earlier 
years in the district under discussion may be judged practically from 
the Boston Main Drainage and the Metropolitan Sewerage Works, 
which have both been in operation many years. The latter receives 
sewage from areas sewered about equally on the separate and com- 
bined systems, not unlike the present condition of the territory to be 
traversed by the proposed extension of the High-level Sewer. In 
1898 an extended study was prepared by the Engineer of the Met- 
ropolitan Sewerage Works, involving a comprehensive review of 
volumes of sewage from both works. Per capita rates deduced 
from that study and adopted for the High-level Sewer already built, 
designed ultimately to receive sewage from separate sewers only, are 
as follows : — 




1940. 



Yearly average flow of sewage, 147 175 

Ifazimam dry weather flow, 105 200 

If aximam flow daring ttormt, 251 300 



Studies of sewage flows in Metropolitan sewers since 1898 indicate 
that the above conclusions from earlier studies are fully justified. 

This extension of the High-level Sewer above Jamaica Plain is to 
receive sewage from cities and towns that are now or in the near 
future probably will be sewered on the separate system, from which 
practically all surface waters will be excluded. The present water 
supply of many of these cities and towns is comparatively small, 
not more than one-half of the average water supply of the whole 
Metropolitan District which was involved in establishing the above 
rates, so that 300 gallons per capita might appear unnecessarily 
liberal for fixing the size of this extension. Some of the municipal- 
ities, however, are already provided with separate sewers designed 
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on a rate exceeding 200 gallons per capita when running full, and 
niany of these local sewers are now occasionally surcharged. This 
sewer will be located at considerable distance inland from the Charles 
River, so that occasional overflows into the river cannot be provided 
to relieve any future lack of capacity. It is also possible that in 
the future a larger area and population than now studied may be 
made tributary to this extension. 

The increased sizes of sewer resulting from this liberal rate per 
capita will add but a small percentage to the cost of the work. 
There is a persistent increase in water consumption in the whole 
Metropolitan District. Population is advancing at phenomenal and 
unanticipated rates, particularly in the outlying sections to be tra- 
versed by this extension, and all experience gained from the opera- 
tion of the Metropolitan Works dictates the most liberal treatment 
for extensions into outlying territory. The rates already adopted 
for the earlier high-level construction and set forth above are there- 
fore felt to be justified for this extension and have been adopted in 
this study. 

The volume of sewage estimated from the before-mentioned rates 
of flow per capita and the population given in the tables is set forth 
in Table No. 7 : — 
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Relief for the Existing Charles River Main Sewer, 

Until an extension of the High-level Sewer to the territory pro- 
posed shall have been const iTicted, the volume of sewage from both 
high and low districts, set forth in Table No. 7, will continue to be 
tributary to the existing Charles River valley sewer. The capacity 
of this sewer and its relation to volumes of sewage flow from the 
whole district are set forth graphically on diagrams Nos. 1, 2 and 
3 : at Vancouver Street, in the Back Bay district of Boston ; above 
Brookline, at the Brighton-Newton line; and at the end of the 
Charles River main sewer in Ne^^iion. 

From the table and diagrams it appears that as early as 1907 
overflows during storms will undoubtedly occur through Brighton 
and Brookline, and that dry weather flows may fill the sewer about 
1915 through the same territory. The large pumps of the Ward 
Street station will doubtless quicken the flow of sewage in the lower 
section of this main sewer. It is not anticipated that they can 
materially delay the date when storm overflows will occur. Relief 
for this district should be provided at an early date, before the 
storm overflows become so frequent and offensive as to be objection- 
able in the lower Charles River basin. Above Brighton, through 
the city of Newton, relief may be delayed for ten years, until 1915 
or later. 

The future condition of the existing Charles River valley main 
Sewer after it shall have been relieved by the proposed extension 
above Jamaica Plain is exhibited on diagrams Nos. 4, 5 and 6. 
From these diagrams it appears that storm overflows from this 
Sewer may be expected from 1920 to 1925, and that dry weather 
flows may fill the sewer in the year 1930 or later. 
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DucBAU No. 1. — Compariton of the EHmuUed Floto tf Sewage and the 
CapacUy of the Charles Biver VaUetf Sewer at Vancouver and Buggies 
Slreels, Back Bay, using Total EsUmated High-level and Luw-level Pvjm- 
lationM. 
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DlAOBAH No. 2. — Comparison of the Estimated Flow of Sewage and the 
Gapaeily of the Charles River Valley Sewer at Collage Farm, Brighton, 
using Total EatimaUd High-level and Low-level Populations. 
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Diagram No. 3. — Comparison of the EHimaied Flow of Sewage and the 
Capaeily of the Ckarlet Birer I'allei/ Sewer at Cheesecake Brook, Newton, 
and ai Newton- Brighton Toicn Line, using Total Estimated High-level 
and Loir-level Popidntions. 
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DiAORAH No. 4. — Comparison of the EstimaUd Flow of Sewage and the 
Capaciiy of the Charles Biver Valley fewer at Vancouver and Buggies 
Streets, Bach Bay, using Tolnl Eslimnted Low-level Poptilalions. 
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DiASBAX No. 6. — Comparison of the Estimated Flow of Sewage and tke 
Capacity of Oie Charles Biver Falleg Sewer at Cottage Farm, Brighton, 
using Total Estimated Low-level Fopulalion-i. 
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DiAOBAM No. G.— CompiTtnojt of the EslimaUd Flow of Sewage and tht 

Capacity of the Charles River ValUy Sewer at Cheesecake Brook, Newton, 
and at Newton- Brighton Town Line, using Total Estimated Low-level 
Popuiations. 
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Possible Future Additions to the South Metropolitan System. 

Under authority ot chapter 65 of the Resolves of 1899, the State 
Board of Health reviewed the project for a high-level gravity sewer 
for the relief of the Charles and Neponset River valley Metropolitan 
areas, and, among other suggestions in relation thereto, recom- 
mended that small areas in the towns of AVeston, Wellesley and 
Needham, along the westerly l)order of the Charles River, be added 
to the South Metropolitan District. By legislative act, the district 
is limited at present by the easterly border of the Charles River at 
Newton and "Waltham. The South Metropolitan District and the 
area recommended to be added are both outlined on the general 
map. 

The present population on the area that may be added west of the 
Charles River is about 2,800, and in 1940 may be 15,000. This 
area is so located that its drainage may be collected without pump- 
ing in an existing main sewer of the city of Newton, which extends 
from near the end of the Charles River Metropolitan sewer through 
Auburn dale and Newton Lower Falls. If at a future date this por- 
tion of Weston, Wellesley and Needham should be added to the 
South Metropolitan District by legislative act, its di-ainage may be 
provided for by purchasing a length of about 7 miles of local main 
sewer of the city of Newton, and incorporating it as a section of the 
Metropolitan System. This length of sewer is shown on the general 
map and outlined in Table No. 8 : — 

Table No. 8. — Newton Main Sewers that may he purchased to provide for 

Drainage of Wellesley and Needham, 



Size. 

• 


Length 
(mies). 


Location. | Remarks. 

1 


«4"X36" 

20"X30" 

20" cast-iron pipe, . 

«". 8" and 16" casUiroo 
pipe siphons. 


5.15 

2.13 

.05 
.07 


From Charles River valley sewer along 
Cheesecake Brook, WatertowuT Wash- 
ington and Border streets, private 
land, Commonwealth Avenue, Bourne 
and Charles streets, along Charles 
River, 8i. Mary's, Concord and Wash- 
ington streets. 

In Washington Street, Quinobeguin 
Road and along Charles River to Eliot 
Street. 

Along Charles River near Echo Bridge, 

Across Charles River near Echo Bridge, 


4.45 miles earth open cut, 
.68 mile rook open cut, 
.02 mile earth tunnel. 

1.43 miles earth open out, 
.50 mile rock open cut, 
.11 mile rock tunnel. 

Rock open cut. 

Rock out. 


Total, 


7.40 
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This length of sewer was constructed by the city of Xewton at a 
cost of $289,000. It would be necessary to extend pipes across the 
Charles River at several points where drainage of this added district 
will naturally collect, and these pipes and the purchase of the local 
sewer of the city of Xewi:on would involve an expenditure of about 
$300,000 to provide for the future di-ainagc from these added areas. 
The drainage from so small a population as outlined for these areas 
can safely be provided for in the existing Newton sewer for many 
years. The addition of these areas to the South Metropolitan Dis- 
trict will hasten the necessity of future relief for the Charles River 
main sewer by a few years. 

Extension of Iligh-Jevel Seicer recom^nended. 

The extension recommended is outlined on the general plan and 
profile accompanying this report. The lengths, sizes and elevations 
of the sewer are set forth in Table No. 9 : — 
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From this table it appears that the extension recommended in- 
volves a length of 10 miles of trunk sewer, varying in size from 7 to 
4 feet in diameter. The anticipated volumes of sewage, outlined in 
Table No. 7, at the rate of inclination recommended, will fill the 
sewers to about two-thirds of their height. The minimum inclina- 
tion or rate of grade adopted will produce scouring velocities when 
the sewer is running one-fourth full. This will probably be its con- 
dition when constructed and put into operation. 

The location recommended is at considerable distance inland from 
the Charles River, and, as shown on the profile, the construction 
necessarily involves a series of deep excavations where the sewer 
pierces the divides between brooks, followed by a series of shallow 
excavations crossing the valleys. Near Oak Square in Brighton, 
and in Vernon, Eldredge, HoUis, Norwood and Harvard streets in 
Newton, the arch of the sewer will approach so near to the street 
surface that the introduction of short lengths of 60-inch cast-iron 
pipe is recommended. Passing these locations, it will be necessary 
to construct short lengths of small local lateral sewers, to intercept 
house drains that may be broken off by the Metropolitan sewer. 

In the sewer route recommended no attempt has been made to 
follow the outline of the high-level district, the location following 
geiierally in public highways and along the shortest and most direct 
line. Two short branch lines would, however, be required in 
Brighton, reaching out to the borders of the district to intercept 
local main sewers, as indicated on the general map. 

Beginning near the corner of Centre and Perkins streets in 
Jamaica Plain, the construction will follow westerly through Perkins 
Street in rock tunnel at a depth of about 70 feet below the surface 
for a distance of 700 feet, where the construction will leave the rock 
and enter strata of wet sand and gravel, passing the northerly end 
of Jamaica Pond. To secure impermeability to masonry and main- 
tain the present level of the water of the pond, the sewer will need 
to be constructed by pneumatic process along Perkins Street, 
Jamaica Plain, and Chestnut Street, Brookline, for a distance of 
about 4,300 feet, to the comer of Chestnut and Kendall streets in 
Brookline, where rock will again be encountered. Beyond Chest- 
nut Street the route recommended follows along Kendall and 
Cypress streets to Boylston Street in rock tunnel, for a distance 
of 1,500 feet. Beyond Boylston Street the route follows in earth 
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cut, generally in sand and gravel, at an average depth of 20 feet, 
through Cypress Street, Brington Road and private land under 
the Boston & Albany Railroad near the Brookline Hills station, 
through the Brookline playground, to the comer of Gorham Avenue 
and Davis Street; and thence through Gorham Avenue, Greenough, 
Washington and Park streets, a total distance of 2,975 feet. In 
Park Street, near Washington Street, the size of the sewer will 
be reduced from 6 feet 6 inches by 7 feet to 6 feet 3 inches by 6 
feet 6 inches. The sewer will continue through Park, Beacon 
and Winchester streets in open cut at an average depth of 25 
feet to a point in Winchester Street near Beacon Street, a distance 
of 2,150 feet; here it will enter earth tunnel about 35 feet below 
the surface, extending through Winchester Street and private land 
to Columbia Street, a distance in tunnel of 2,125 feet. Following 
through Columbia Street in open cut in sand and gravel for a dis- 
tance of 1,095 feet, the size will again be reduced to 5 feet 9 inches 
by 6 feet near the Brookline-Brighton boundary line. 

In Brighton the route recommended follows westerly in Columbia 
Street and Commonwealth Avenue, in open cut in sand and gravel 
at a depth of 20 feet, for a distance of 1,255 feet to near AUston 
Street. Beyond Allston Street the construction will enter rock 
tunnel about 60 feet below the surface, extending along Common- 
wealth Avenue and Warren, Cambridge and Washington streets for 
a distance of 5,100 feet to near Parsons Street; thence continuing 
in Washington Street to near Lake Street in earth tunnel at a depth 
of 30 feet below the surface, for a distance of 1,100 feet. 

A 20-inch by 26-inch branch line in rock tunnel through Cam- 
bridge Street from Saunders Street, and a 24-inch by 28-inch branch 
line in sand and gravel open cut and in tunnel partly in earth and 
partly in rock through Market Street from Mapleton Street will 
enter the main sewer at Warren and Washington streets, respectively, 
reaching out to the northerly border of the high-level district. 

Beyond Lake Street the sewer will be constructed in open cut at 
a depth of 18 feet, generally in sand and gravel, for a distance of 
500 feet ; thence continuing in Washington Street in shallower open 
cut for a distance of 1,200 feet, necessitating the introduction of 
60-inch cast-iron pipe in place of the usual masonry sewer. From 
this section of iron pipe the line recommended continues in open 
cut at an average depth of 22 feet for a distance of 1,893 feet 
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DiAOBAH No 3 — Companion of the Esttmaled Flow of Sewage and the 
OapacUi/ of the Charles fitter ( alley Sewer tU Cheesecake Brook, Newton, 
and at Newton Brighton Tou,n J ine using Total Esttmaled High-Uvel 
and I ou level Poptilnlionii 
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cut, generally in sand and jn'avel, at an average depth of ^0 feet, 
through Cypress Street, Rrin<rton Road and private hind under 
the Boston & Alteny liiiilroad near the Birookline Hills station, 
through the Brookline phiyjrround, to the corner of Ciorham Avenue 
and Davis Street; and thence through Gorliani Avenue, Grcenough, 
Washington and Park streets, a total distance of 2,J^75 feet. In 
Park Street, near Washington Street, the size of the sewer will 
be reduced from (5 feet i\ inches l)v 7 feet to (> feet 3 inches bv 6 
feet 6 inches. The sewer will continue through Park, Beacon 
and Winchester streets in open cut at an average depth of 25 
feet to a point in Winclu^ster Street near Beacon Street, a distance 
of 2,150 feet; here it will enter earth tunnel about 8;") feet below 
the surface, extending through Winchester Street and private land 
to Columbia Street, a distance in tunnel of 2,12r) feet. Following 
through Columbia Street in open cut in sand and gravel for a dis- 
tance of 1,095 feet, the size will again be reduced to 5 feet 9 inches 
by 6 feet near the Brookline-Brighton boundary line. 

In Brighton the route recommended follows westerly in Columbia 
Street and Commonwealth Avenue, in oi)en cut in sand and gravel 
at a depth of 20 feet, for a distance of 1,255 feet to near Allston 
Street. Beyond Allston Street the construction will enter rock 
tunnel about 60 feet below the surface, extending along Common- 
wealth Avenue and Warren, Cam])ridge and Washington streets for 
a distance of 5,100 feet to near Parsons Street; thence continuing 
in Washington Street to near Lake Street in earth tunnel at a depth 
of 30 feet below the surface, for a distance of 1,100 feet. 

A 20-inch by 26-inch In^anch line in rock tunnel through Cam- 
bridge Street from Saunders Street, and a 24-inch by 28-inch branch 
line in sand and gravel open cut and in tunnel portly in eailh and 
partly in rock through Market Street from Mapleton Street will 
enter the main sewer at Warren and Washington streets, respectively, 
reaching: out to the northerlv border of the liio:h-level district. 

Beyond Lake Street the sewer will be constructed in open cut at 
a depth of 18 feet, generally in sand and gravel, for a distance of 
500 feet ; thence continuing in Washington Street in shallower open 
cut for a distance of 1,200 feet, necessittiting the introduction of 
60-inch cast-iron pipe in place of the usual masonry sewer. From 
this section of iron pipe the line recommended continues in open 
cut at an average depth of 22 feet for a distance of 1,893 feet 



METROPOLITAN WATER [Pub. Doc. 



DiAORAu No. 3, — Comparison of the Eslimaied Flow of Seteage and the 
Oapacily of the Charles River Valley Sewer at Cheeseeake Brook, Newton, 
and al Newton- Brighton Town Line, using Total Estimated Stgh-levtl 

and Low-level Populations. 
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cut, generally in sand and gravel, at an average depth of 20 feet, 
through Cypress Street, Brington Road and private land under 
the Boston & Albany Railroad near the Brookline Hills station, 
through the Brookline playground, to the corner of Gorham Avenue 
and Davis Street; and thence through Gorham Avenue, Greenough, 
Washington and Park streets, a total distance of 2,975 feet. In 
Park Street, near Washington Street, the size of the sewer will 
be reduced from 6 feet 6 inches by 7 feet to 6 feet 3 inches by 6 
feet 6 inches. The sewer will continue through Park, Beacon 
and Winchester streets in open cut at an average depth of 25 
feet to a point in Winchester Street near Beacon Street, a distance 
of 2,150 feet; here it will enter earth tunnel about 35 feet below 
the surface, extending through Winchester Street and private land 
to Columbia Street, a distance in tunnel of 2,125 feet. Following 
through Columbia Street in open cut in sand and gravel for a dis- 
tance of 1 ,095 feet, the size will again be reduced to 5 feet 9 inches 
by 6 feet near the Brookline-Brighton boundary line. 

In Brighton the route recommended follows westerly in Columbia 
Street and Commonwealth Avenue, in open cut in sand and gravel 
at a depth of 20 feet, for a distance of 1,255 feet to near Allston 
Street. Beyond Allston Street the construction will enter rock 
tunnel about 60 feet below the surface, extending along Common- 
wealth Avenue and Warren, Cambridge and Washington streets for 
a distance of 5,100 feet to near Parsons Street; thence continuing 
in Washington Street to near Lake Street in earth tunnel at a depth 
of 30 feet below the surface, for a distance of 1,100 feet. 

A 20-inch by 26-inch branch line in rock tunnel through Cam- 
bridge Street from Saunders Street, and a 24-inch by 28-inch branch 
line in sand and gravel open cut and in tunnel partly in earth and 
partly in rock through Market Street from Mapleton Street will 
enter the main sewer at Warren and Washington streets, respectively, 
reaching out to the northerly border of the high-level district. 

Beyond Lake Street the sewer will be constructed in open cut at 
a depth of 18 feet, generally in sand and gravel, for a distance of 
500 feet ; thence continuing in Washington Street in shallower open 
cut for a distance of 1,200 feet, necessitating the introduction of 
60-inch cast-iron pipe in place of the usual masonry sewer. From 
this section of iron pipe the line recommended continues in open 
cut at an average depth of 22 feet for a distance of 1,893 feet 
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This estimate of cost is based upon the provision that in thdi 
tunnels the masonry sections shall be of rings of Portland brioki 
8 inches and 12 inches in thickness ; that the arches of the rock 
nels shall be lined with Portland concrete, and the inverts shal 
paved with a 4-inch lining of Portland brickwork, reinforced 
Portland concrete ; that in the rock and earth sections in the 
cut trenches the arches shall be of brick, laid in Bosendale cei 
in dry ground and in Portland cement where water is encount 
and the inverts shall be lined with 4 inches of Portland brickw< 
reinforced with Portland concrete ; and that the cast-iron pipe 
tions shall be entirely surrounded by Portland concrete. 

From the foregoing table it appears that the construction of 
proposed extension from the junction with the High-level 
near the corner of Centre and Perkins streets, Jamaica Plain, to 
Square in Brighton, the part which is needed at the earlier date,,' 
estimated to cost $1,168,928; that the construction of the remaiiM 
of the sewer, from Oak Square to the end at Newton Lower Fi 
is estimated to cost $720,978 ; and that the cost of the entire e: 
sion over the route recommended is estimated at $1,889,906. 

Respectfully submitted, 
■ 

WM. M. BROWN, 

Engineer Sewerage Workf, 
Boston, January 1, 1905. 
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Appendix No. 1. 



Contracts made and pending during 

Contracts relating to th 

[NoTB. — The details of contracts made before 





1. 

Num- 
ber 
of Con- 
tract. 


WORK. 


.. ! 

Num- 
ber of 
Bids. 


Amount of Bn>. 


6. 




4. 

Next to Low- 
est. 


5. 

Lowest. 


Contractor. 


1 

2 
8 
4 

5 


210t 
267 

264t 
268t 

277t 


Excavating soil, . 

Excavating soil, . 

Arch bridges and abut- 
ments. 

Placing riprap on the west- 
erly portion of the North 
Dike. 

Masonry arch bridge, West 
Boylston, Mass. 

Total 


8 

6 
8 

• -X 

8 


$377,830 00 

449.300 00 

42,470 00 

-t 

14,820 00 


$360,870 00* 

414,987 60* 

37,336 00* 

12,888 00* 


Newell & SnowlingCoD- 
struction Company. 

Bruno, Salomone & 
Petitti. 

The George M. Atkina 
Company. 

The MoArthur Brothrfn 
Company. 

F. A. McCauIlff, Fitch- 
burg, Mass. 















Contracts relating to the 



6 


196 


7 


246 


8 


263t 


9 


276t 


10 


276t 


11 


278t 


12 


279t 



Wacbuiett Dam, 

Section 2 of relocation of 
Central Maasacbuaetts 
Railroad (extenaion of 
Contract No. 196) . 

Sluice valvea for Wachu- 
sett Dam. 

South Dike of Wachusett 
Reservoir. 

Superstructure of lower 
gate-chamber of Wachu- 
sett Dam. 

Bronze grooves for Wachu- 
sett Dam. 



Valves for Wachusett 
Dam; 4 36-inch, 1 20. 
Inch, 1 12.inch, 1 10-inch. 



$1,680,870 00 
-t 

't 
124,286 00 

76,668 00 
-t 

2,846 00 



$1,608,636 00* 

-t 

7,887 00 

118,670 00* 

72,696 00* 

8,691 00 
2,817 67* 



McArthur B rot hen 
Company. 

McArthur Brotheri 
Company. 



Coffin Valve Company, 

John F. Magee & Co., • 

Connery & Wentworth, 
Boston, Mass. 

The Wm. Cramp ft Soni 
Ship and Engine 
Building Company, 
Philadelphia, Pa. 

Chapman Valve Mann- 
facturing Company, 
Indian Orchard, Mass* 



* Contract based upon this bid. f Contract completed. 

X Competitive bids were not received on this contract. 
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Appendix No. 1 . 



THE Year 1904 — Water Works. 
Reservoir Department. 

1904 have been given in previous reports.] 



7. 

Date 
of Contract. 



8. 

Date of 

OoBipletion of 

work. 



9. 



Prices of Principal Items of 
Contracts made in 1904. 



10. 

Value of 

Work done 

Dec. 31, 1904. 



-^ng. 1,'01, 

^^' 27. »02, 

'^Prill6,»03, 

^y 16, »08, 

Jnne 28, »04, 



Nov. 26,»04, 

Dec.; 28, '03, 
Nov. 18, »04, 

Sept. 28, '04, 



For Portland cement concrete masonry, $5.75 i>er 
cu. yd.; ashlar masonry, $16 per en. yd. 



$395,092 50 

450,000 00 

38,528 22 

51,017 50 

12,809 65 



$947,447 87 



I>a7n, 



and Aqueduct Department, 



Oct. 



i.'oo. 



^^- ^.'OS, 
^*- l«.'04. 



Kay 



26, '04, 



Jirty 



16,»04. 



AprU 7,»04, 
Dec 8, '04, 
Dee. 22, '04, 

Aug. 8, '04, 



Dee. 16, '04, 



For whole work, $72,595, 



For whole work, $3,691, 



For whole work, $2,317.67, 



$1,454,340 00 
« 
256,439 34 

7,887 00 

139,411 04 

72,937 34 

3,691 00 



2,317 67 



1 
2 

# 

8 
4 



6 

7 

8 

9 

10 

11 



12 
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Contracts made and pending during t 

CorUracts relating to t 



1. 

Num- 
ber 
of Con- 
tract. 



8. 



WORK. 



280t i 34J40 lbs. eastings for 
I Wachusett Dam. 



281t 



76,945 lbs. cafltingB for 
Wachusett Dam. 



Total, 



8. 

Num- 
ber of 
Bids. 



6 



6 



Amoxtnt of Bid. 



4. 

Next to Low- 
est. 



5. 

Lowest. 



$1,346 17 



2,596 88 



$1,215 90* 



2,481 46* 



6. 

Contractor. 



Davis & Faronm Iff 
faotnring Compi 
Waltham, Mass. 

Gibby Foundry C 
pany, Boston, Maa 



'J. 



Contracts relating to 



3 
4 

^ 

6 
7 

8 
9 
10 
11 
12 
13 
14 

15 



199t 
200t 
203t 
2041 
2051 

2111 
2121 
213t 
218t 
2191 
220t 
267t 

271t 



Section 2, Weston Aque- 
duct. 

Section 3, Weston Aque- 
duct. 

Section 6, Weston Aque- 
duct. 

Section 12, Weston Aque- 
duct. 

Section 13, Weston Aque- 
duct. 



Sections 8 and 10, Weston 
Aqueduct. 

Section 11, Weston Aque- 
duct. 

Section 15, Weston Aque- 
duct. 

Section 14, Weston Aque- 
duct. 

Section 1 of the Weston 
, Reservoir. 

Section 2 of the Weston 
Reservoir. 

Superstructuresof channel, 
and screen chambers of 
the Weston Aqueduct. 

Superstructures of head 
and meter chambers of 
the Weston Aqueduct. 



Total, 



8 

9 

14 

16 

9 

11 

10 

5 

10 

11 

9 

7 



$234,581 50 
131,226 10 
121,497 00 
189,197 50 
864,884 00 

155,508 50 
157,270 00 
197,556 ftO 
68,864 00 
64,971 25 
90,152 50 
12,475 00* 

12,825 00 



$200,477 00* 
127,507 50* 
120,646 50* 
184,096 50* 
846,290 00* 

146,189 00* 

148,685 00* 

171,645 00* 

68,490 00* 

59,587 50* 

88,292 60* 

9,150 00 

10,804 00* 



Shanahan, Casparis 
Co. 

Shanahan, Caspari0 
Co. 

Shanahan, Caaparttf 
Co. 

Shanahan, Oaaparis 
Co. 

Miehael H. Eeefe* 
signed on Oct. 12, 1 
toColnmbas O 
Biructlon Compaoy 

Winston & Co., 

Winston & Co., 

Winston & Co., 

Nawn ft; Brock, 

Nawn & Brook, 

Nawn ft; Brock, 

Woodbury & Lei^t^^ 
Company. 

C. A. Dodge & O^ 
pany. 



k 

8c 



'1, 
in* 



ton 



»m- 



Contracts relating to ^^ 



16 



235t 



Laying water pipes in New- 
ton. 



Total, 



6 



$53,121 75 



$50,976 00* 



D. F. O'Connell, . 



* Contract based upon this bid. 



t Contract completed. 
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I^EAB 1904 T- Water Work8^ CorUinued, 
Dam and Aqueduct Department — Concladed. 



7. 

Date 
of Contract. 



8. 

Date of 

Oompletlon of 

Work. 



9. 

Prioes of Principal Items of 
Oontracts made in 1904. 



10. 

Value of 

Work done 

Dec. 81, 1904. 



Aug. 12, »04, 



'A.Ug. 12, »04, 



Dec. 20, *04, 



Dec. SI, '04, 



For all castings, $0,085 per lb.. 



For all castings, $0.0816 per lb.. 



$1,248 07 



2,686 68 



$1,940,808 09 



^^eston Aqueduct Department, 



*^ay 9, »oi, 
^•y 9, '01, 
^*^y 9, *01, 
^*^y 9, »01, 
^*y ao, '01, 

^^g. 28, »01, 
^Ug. 28, '01, 
-^ug. 28, '01, 
^ov. 26, '01, 
^ov. 26, '01, 
^ov. 26, '01, 
Oane 4, '' 



^nly 6, '08, 



Oct. 9, '08, 
Oct. 9, '08, 
Sept. 26, '08, 
Oct. 7, '03, 
Nov. 11, '08, 

Nov. 21, '08, 
Nov. 14, '08, 
Nov. 28, '08, 
May 20, '04, 
May 20, '04, 
May 20, '04, 
April 8, *04, 

Nov. 28, '08, 



$206,159 64 
181,062 48 
116,641 81 
142,021 66 
417,262 64 

160,101 77 



169,892 69 


9 


188,874 68 


10 


69,449 04 


11 


68,778 88 


12 


128,970 70 


18 



12,484 76 



10,804 00 



$1,776,998 28 



8 
4 
6 
6 

7 

8 



14 



16 



Distribution Department. 



April 7, »02, 



April 21, '03, 



$71,287 87 



$71,287 87 



16 
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Contracts made and pending during the Tear 1904 — Water Works— 

Concluded, 

Summary of Contracts.* 



Value of Work 
done Decem- 
ber 31, 1904. 



Wachnsett Reservoir, 6 eontracto 

Relocation of Central Massachusetts Railroad, 1 contract, 

Wachnsett Dam, 7 contracts, 

Weston Aqneduct and Reservoir, 18 contracts, 

Distribution Department, 1 contract, 

Total of 28 contracts made and pending during the year 1004, 

248 contracts completed from 1896 to 1903, inclusive, 

Deduct for worlc done on 11 Sudbury Reservoir contracts by the city of Boston, . 
Total of 287 contracts, 

* In this summary, contracts charged to maintenance are excluded. 



$1,086,858 91 

256,439 84 

1,644,958 61 

1,775,993 28 

71,287 87 



$4,785,538 01 
10,526,722 64 



$15,261,260 65 
612,000 00 



$14,749,260 65 
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Appendix No, 2. 



Cement Tests — Water Works. 
The following tables coDtain : — 

1. Long-time tests of natural cements used by the Dam and Aqueduct, 
and Reservoir departments during the years 1896 to 1900, inclusive. 

2. Long-time tests of Portland cements used by the Dam and Aqueduct, 
and Reservoir departments during the years 1896 to 1900, inclusive. 

3. Tests of cements used in the construction of the Wachusett Dam and 
other works at the Wachusett Reservoir during the years 1901 to 1904, 
inclusive. 

4. Tests of cements used in the construction of the Weston Aqueduct 
during^the years 1901 to 1903, inclusive. 

The methods of testing were the same as described in Appendix No. 3 
of the annual report of the year 1897. 
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Summary of Tests of All Brands of Natural Cement^ of which Nine 

Aqueduct and Reservoir Departments 



BRAND. 



3 



Beach, 



Hoffman, 



Norton, 



Union, 



Total, 



Number 

of Barrels 

used. 



Composition 

of 

Briquette. 



8,880 



46,845 



60,877 



900 



115,602 



Neat, 

Itol, 

Neat, 

Itol, 

Neat, 

Itol, 

Neat, 

Itol, 



Neat, 
Itol, 



Tensile Strength. 



TWO TBAB8. 



Number of 
Briquettes. 



64 
64 
106 
106 
60 
60 
22 
22 



262 
252 



Pounds per 
Square Inch. 



467 
316 
467 
327 
440 
205 
409 
570 



456 
888 



Summary of Tests of All Brands of Portland Gem£ntj of which Nine 

Aqueduct and Reservoir DepartmerUs 



8 



BRAND. 



Atlas, 



Brooks-Shoobridge, 



• t 



Giant, 



Iron Clad, 



Stettin.Girstow, 



West Kent, 



Total, 



Number 

of Barrels 

used. 



Composition 

of 

Briquette. 



• • 



18,509 



5,706 



15,894 



7,778 



979 



8,394 



51,760 



Neat, 

2tol, 

Neat, 

2tol, 

Neat, 

2tol, 

Neat, 

2tol, 

Neat, 

2tol, 

Neat, 

2tol, 



Neat, 
2tol, 



Tensile Strength. 



EIGHTEEN MONTHS. 



Number of 
Briquettes. 



65 

65 

5 

5 

55 

55 

34 

84 

8 

8 

19 

19 



186 
186 



Pounds per 
Square Inch. 



848 
324 
674 
521 
598 
426 
769 
896 
665 
870 
586 
522 



721 
895 
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'vndred Barrels or More were used on Construction Work by the Dam and 
om 1896 to 1900, inclusive. 







Tensile Strength— Concluded. 






THBES 


TBAR8. 


FIVE YEARS. 


SEVEN AND ONE-HALF YEARS. 




Namber of 
Briquettes. 


Pounds per 
Square Inch. 


Number of 
Briquettes. 


Pounds per 
Square Inch. 


Number of 
Briquettes. 


Pounds per 
Square Inch. 




50 


482 


23 


506 


10 


462 


!■ 


50 


349 


24 


869 


10 


420 


91 


495 


51 


514 


10 


468 


!■ 


91 


847 


51 


364 


10 


357 


54 


456 


28 


479 


8 


452 


i- 


54 


314 


27 


326 


3 


371 


10 


474 


4 


476 


3 


485 


4 


10 


617 


4 


576 


8 


551 


205 


480 


106 


501 


26 


465 




205 


352 


106 


863 


26 


405 





€.ndred Barrels or More were used on Cotistruction Work by the Dam and 
►w 1896 to 1900, Inclusive. 







Tensile Strength — Concluded. 








TWO YEARS. 


THREE 


YEARS. 


FIVE YEARS. 


SEVEN AND ONE- 
HALF TEARS. 




rumber 


Pounds 


Number 


Pounds 


Number 


Pounds 


1 Number 


Pounds 




of 
Iquettes. 


per Square 
Inch. 


of 
Briquettes. 


per Square 
Inch. 
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per Square 
Inch. 


of 
Briquettes. 
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Inch. 
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1 
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2 


55 
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53 
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13 
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34 
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51 


714 


42 
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22 
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332 


21 
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10 
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59 
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51 


570 


29 
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17 


548 


6 


59 


434 


51 


424 


29 
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17 
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51 
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t 
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Summary of Teats of Cement uted in the Conatruction of the Wachut^ Dam 
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Summary of Tests of Cements used in the Constructum 



» 


Pottland oeraenl : — 
Allaa. , . . 
Giant. . . . 
Baylor-., , . 
LBhlgh, . . 

Total, . . . 
NatumleBmsnt:- 




91,876 
2,M0 

s.iao 


jHeat,. 


,3 


'i 


M.7 

laTo 


89 

isi 


in 


«0 


m 


;: 


^^- 


08.347 
U,73B 

118.086 


ira: 

I Ne.1, . 


i"o 


is 


I 


48 


BO 


S,lM 

4,48* 
B3I 


IBl" ^ 




luo":: 


V 


':' 




M 


44 


6,317 


"'-*"- 



AND SEWERAGE BOARD. 



and Other Works at the Wachvsetl Heservoi'r, 1901 to 1904, Inclusive. 
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of the Weston Aqueduct, 1901 to 1904, Indftaive. 
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Table No. 2. — Rainfall in. Jncftes at Jefferson, Mass., in 1904. 



Dii or MONTB. 


1 


1 

1 


i 


1 


i 


S 


.^ 


I 


a 


1 


i 


1 


1. 

». 

4. 

6 

o 

7, 

8 

O. 

lo 

11 

la. 

»a. 

1* 

IS. 

i«. . . . _ . 
^'- . , . . 

"■-.... 

a. 

n, ' ' ' ' 

a, ' ' ' ' 

H. 

15. 
». 
17. 

an. 


D.asi 
a.m 

0.8SI 

o.ait 
o.ist 


O.SO) 

O.Mt 

l.M 
O.Wt 


ft.ilf 

0.061 
0.3Bt 


0.WI 

D.KB 
0.3SI 

o.oat 
o.-u 


O.Ji 

o-sa 
a.«o 


o-ss 

0.13 
I.W 


O.M 


4.M 


O.TB 
Il.lt 


0.M 

o.oa 

o.;o 

- 


l.BOt 

o.ost 


o.ut 
o.oit 

O-liOt 

0.3Sf 

o.oit 
o.iet 

l.TSJ 


*i. 








l-=«i, . . . 


1.B3 


1.80 


a.&o 


7.M 


a.« 


S,!8 


4.M 


B.64 


6.M 


1.S2 


i-bs 


S.M 



• BbIdIiI] laalDdid in Ibst 



METROPOLITAN WATER [Pub. Doc. 

- Sainfall in Inches at Framingham, Maes,, in 1904. 
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Table No. 4. — RainfaU in Inches at Chestnut HiU Reservoir in 1904. 



Datb. 



a 
a 
o 

a 



O 



13 



e 
CO 



Daration. 



Jan. 2, 

Jan. 8, 

Jan. 8, 

Jan. 9, 

Jan. 12, 

Jan. IS, 

Jan. 16, 

Jan. 20, 

Jan. 21, 

Jan. 22, 

Jan. 23, 

Jan. 26, 

Jan. 29, 

Total, 



1.16 

1.09 

0.08 
1.18 

0.09 
0.08 

1.04 

0.10 
0.78 

0.16 



6.64 



Buow. 

Snow. 

Snow. 
Snow and 

rain. 
Snow. 
Snow. 
Snow and 

rain. 
Rain. 
Katn and 

anow. 
Snow. 



7.10 A.U, to 

2.30 P.M. to 

7.00 A.M. to 
11.00 A.if . to 

8.20 P.M. to 
6.60 A.M. to 
2.46 P.M. to 

1.46 P.M. to 
3.45 P.M. to 

10.60 P.M. 
6.60 A.M. to 8.00 P.M. 



10.80 P.M. 

8.30 P.M. 
7.00 P.M. 

10.46 P.M. 

6.16 P.M. 

11.80 a.m. 

10.40 P.M. 
6.30 r jf . 



Feb. 


6. 


0.46 


Feb. 
Feb. 


14, 
16. 


jo.n 


Feb. 


19. 


0.21 


Feb. 
Feb. 


21. 
22. 


jo.98 


Feb. 


24. 


0.33 


Feb. 


28, 


0.16 


Mar. 


1, 


0.06 


To 


2.96 



Snow and 
rain. 

Snow. 

Snow. 

Rain. 

Snow. 
Bain. 
Rain and 
snow. 



1.00 A.M. to 

9.00 P.M. 
7.00 P.M. to 

5.30 P.M. 
6.10 A.M. to 6.46 P.M. 
11.28 P.M. to 

1.46 P.M. 
4.30 a.m. to 8.80 p.m. 
2.00 p.m. to 4.30 p.m. 
1.00 A.M. to 

7.00 A.M. 



Mar. 1, 
Mar. 8, 
Mar. 7, 
Mar. 8. 
Mar. 16, 
Mar. 18, 

Mar. 19, 
Mar. 20, 
Mar. 22, 
Mar. 28, 
Mar. 81, 
Apr. 1, 

Total, 



0.16 
0.47 

0.96 

0.14 
0.40 

0.07 
0.27 
0.88 



2.79 



Snow. 
Rain. 

Rain. 

Snow. 
Snow and 
rain. 

Rain. 

Snow and 
rain. 

Snow and 
rain. 



7.00 A.M. to 4.30 P.M. 
6.00 A.M. to 8.16 P.M. 
6.46 P.M. to 

4.30 A.M. 
6.60 a.m. to 800 p.m. 
6.60 A.M. to 

5.30 P.M. 
8.30 P.M. to 

12.20 a.m. 
6.06 A.M. to 

9.45 A.M. 
6.36 P.M. to 

7.00 a.m. 



Apr. 1, 
Apr. 7, 
Apr. 8, 
Apr. 10, 
Apr. 11, 
Apr. 12, 
Apr. 16, 
Apr. 19, 
Apr. 24, 
Apr. 26, 
Apr. 27, 
Apr. 80, 

Total, 



1.01 
0.17 

1.42 

0.06 
0.32 
0.88 
0.26 
0.10 
0.10 

6.87 



9.18 



Rain. 
Rain. 

Rain.« 

Rain. 

Rain. 

Snow. 

Snow. 

Rain. 

Rain. 

Rain.* 



9.00 A.M. to 
7.60 A.M. to 
0.26 P.M. to 

8.20 A.M. to 
6.00 A.M. to 
2.10 a.m. to 

6.15 p M. to 

2.16 A.M. to 
9.30 P.M. to 
7.00 A.M. to 



6.10 P.M 
1.20 P.M. 

3.06 A.M. 

6.05 A.M. 
10 45 a.m. 
12.30 P.M. 
11.20 p.m. 

6.45 A M. 

7.00 A.M. 

6.30 PM. 



Date. 



a 
p 

o 

a 



May 9, 

May 10, 

May 16, 

May 18, 

May 20, 

May 26, 

May 27, 

May 80, 

Total, 



0.79 
0.14 
0.24 

1.16 

0.28 
0.40 
0.28 



3.28 



o 



U 



a 

OQ 



Duration. 



Rain. 
Rain. 
Rain. 

Rain.* 

Rain.* 
Rain.* 
Rain. 



6.10 A.M. to 
6.20 P.M. to 
7.00 P.M. to 
9.80 a.m. to 

7.00 P.M. to 
1.10 pm. to 
2.40 P.M. to 



8.00 P.M. 

6 30 P.M. 

10.80 P.M. 

1.80 P.M. 
8.46 P.M. 
1.40 pm. 
9.30 P.M. 



June 2, 
June 7, 
June 7, 
June 8, 
Jane 21, 
June 21, 
June 23, 
June 25, 
June 26, 
June 28, 
June 30. 

ToUl, 



0.67 
0.60 

0.05 

0.20 

0.10 

0.30 
0.18 

0.86 



2.76 



Rain. 
Rain.* 

Rain. 

Rain.* 

Rain. 

Rain.* 
Rain.* 

Rain. 



12.25 P.M. to 

3.16 A.M. to 

10.00 P.M. to 

1.20 P.M. to 
4.00 P.M. to 

6.30 P.M. to 

1.30 P.M. to 

11.05 P.M. to 



7.00 P.M. 
7.80 A.M. 

2.00 a.m. 
1.40 P.M. 

12.45 A.M. 
9.00 P M. 
2.40 P.M. 

11.45 p.m. 



July 1, 


0.02 


July 6, 


0.44 


July 13, 


0.09 


July 17, 


0.19 


July 22, 
July 25, 


0.61 


July 27, 


0.06 


July 29, 


0.07 


Total, 


1.48 



Rain. 
Rain. 
Rain. 
Rain. 

Rain. 

Rain. 
Rain. 



7.00 A.M. to 
4.20 P.M. to 
5.65 A.M. to 
7.80 P.M. to 
8.30 P.M. to 

2.00 A.M. to 
2.25 A.M. to 



8.30 A.M. 
9.50 P.M. 

11.40 A.M. 
9.00 p.m. 

1.30 A.M. 
6.00 A.M. 
8.35 A.M. 



Aug. 1, 
Aug. 3, 


0.96 


Aug. 6, 


0.19 


Aug. 8, 


0.08 


Aug. 11, 


0.41 


Aug. 14, 


0.08 


Aug. 16, 


0.04 


Aug. 20, 
Aug. 21, 


jl.03 


Total, 


2.74 



Rain. 

Rain. 
Rain. 
Rain. 
Rain. 
Rain. 

Rain. 



6.26 P.M. to 

8.00 A.M. 
12.30 a.m. to 4.16 a.m. 
6.60 A.M. to 8.30 A.M. 
6.60 P.M. to 5.56 P M. 
1.05 A.M. to 3.00 P.M. 
3.30 P.M. to 6.00 P.M. 
6.00 A.M. to 

2.30 A.M. 



Sept. 4, 
Sept. 8, 
Sept. 10, 
Sept. 11, 
Sept. 12, 
Sept. 14, 
Sept. 15, 
Sept. 24, 
Sept. 26, 
Sept. 29, 
Sept. 80, 

Total, 



0.02 
0.28 

JO.51 
3.84 
0.30 

I 0.80 



Rain. 
Rain. 

Rain. 

Rain. 

Rain. 

Rain. 



5.75 



2.35 A.M. to 3.26 A.M. 
7.00 P.M. to 

12.16 A.M. 
11.45 P.M. to 

9.10 P.M. 
11.10 a.m. to 

8.30 A.M. 
8.30 P.M. to 

6.15 P.M. 
12.45 P.M. to 

1.15 p.m. 



* Thunder shower. 
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Table No. 4. — Rainfall in Inches at Chestnut Hill Reservoir in 

Concluded. 



Date. 


a 
§ 

a 


Bnow or 
Bain. 


Duration. 


Date. 


. 

a 
a 
o 

a 


Snow or 
Bain. 


Dnrat 


Oct. 5, 
Oct. ^, 
Oct. 11, 
Oct. 12, 
Oct. 18, 
Oct. 21, 
Oct. 26, 


0.82 
0.02 
0.14 

JO.92 

0.64 
0.17 


Bain. 
Bain. 
Bain. 

Bain. 

Bain. 
Bain. 


9.15 P.M. to 11.20 P.M. 
12.50 a.m. to 2.25 a.m. 

8.30 a.m. to 4.80 p.m. 

1.20 P.M. to 

8.80 A.M. 
12 55 a.m. to 2.45 p.m. 
11.15 A.M. to 5.15 P.M. 


Dec. 5, 
Dec. 8, 
Dec. 12, 
Dec. 18, 
Dec. 16, 
Dec. 18, 
Dec. 26, 
Dec. 28, 

Total, 


0.21 
0.06 

0.15 
0.71 
1.68 


Snow. 
Snow. 

Snow. 

Snow. 

Snow and 
rain. 


5.00 p M. to 

10.00 A.M. to 

6.00 P.M. to 

1.55 a.m. to 

11.45 P.M. to 


Total, 


2.21 




2.81 




Nov. 18, 
Nov. 14, 
Nov. 21, 
Nov. 29, 
Nov. 30, 


{l.66 
0.05 

io.io 


Bain. 
Bain. 
Bain. 


8.80 A.M. to 

2.55 A.M. to 
8.00 P.M. to 


5.00 A.M. 
5.10 A.M. 

1.25 A.M. 

• 




Total, 


1.81 





Total for the year, 43.40 inches. 
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Tablb No. 19. — Average Daily Consumption of Wd.ter, during the Tear 
1904, in the Cities and Towns supplied by Ike Metropolitan TFaler 
Works, including Boston, Somerville, Chelsea, Maiden, Everett, Quincy, 
Medford, Melrose, Revere, Watertoum, Arlington, Lexington, Milton, 
Stoneham, Wirdhrop, Swampscott, Belmont, Nahant and a Small Por- 
tion of Saugus. (For Consumption of Water in Whole Metropolitan 
Water District, see Table No. 23.) 
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Table No. 21. — Average Daily Consumption of Water, in Oallons, from 
the High Service and Extra High Service Systems {1904), 











Southern 
1 High 
1 Service. 


Southern 
; Extra High 
Service. 


Northern 
High Service. 


Northern 

Extra High 

Service. 


Month. 


1 

Quincy, Water- 
1 town, Belmont, 1 
and Portions , 
1 of Boston and 
1 Milton. 

1 

1 

1 1 


Portions of 
Boston 
i and Milton. 

1 


! Revere, Winthrop, 
' Bwampscott, Nahant, 
j Stoneham, Melrose, 

and Portions of, 
1 Boston, Chelsea, 
j Everett, Maiden, 
Medford, Somerville 
and Saugus. 


Lexington 

and 
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of Arlington. 
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April, 
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May, 








29,092,000 
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7,508,000 


510,000 


June, 








29,478,000 


525,000 


8,300,000 ' 
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November, 
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32,576,000 


636,000 
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For the yet 


sir, . 


30,610,000 


504,000 

1 


7.993,000 


617,000 
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Tablb No. 23. — Consumption of Water in the MetropalUan Water Dis- 
trict, as constiluteU December 31, 1904, the Tovm of SwampscoU mid a 
StuoU Sectitm of the Town of Saugus; 1893-1904. 

[Oallou p«r D117.] 
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Note relating to Chemical Examinations of Water, Tables Nos. 24-30. 

Tbe chemical examinations contained in the tables were made b; the 
State Board of Health. Colors have been determined by the Nesaler 
standard, bat the corresponding values by the platinum standard are also 
given, for the purpose of comparison with colors determined in tbe labora- 
tory of the Metropolitan Water and Sewerage Board, as given in subsequent 
tables. Tbe odor recorded is taken in such a way that it is a much stronger 
odor than would be noticed in samples drawn directly from a tap or col- 
lected directly from a reservoir. The more important samples are collected 
and examined monthly ; those of less signiQoaoce, at intervals of two or 
three months. 
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Table No. 30. - 



Chemical Examinations of Water from a Faucet 
Boston, from 2892 to 1904. 
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Table No. 31. — Colors of Water from Vanoua Parts of the Metropolitan 
Water Works, 1904. (Means of Weekly Determinations.) 

[FLmtlnnm SUndsn].] 
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Table No. 32. — Temp^ati 



aonlhlj, BO 
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■UIM, M 



o/ Water from Various Parts of the Metro- 
politan Water Works, 1904. {Means of Weekly Determinations.) 

Iha depth glveii tor emeh reeervoli li the depth Irom high wstac maii,] 
[Deiieee Febrenhelt.] 
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Table No. 32 — Concluded. 
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Table No. 33. — TempercUures of the Air at Three Stations on the Metro- 
politan Water Wbrks, 1904. 
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Tablb No. 37. — Number of Service Pipes, Meters and Fire Hydrants 
in the Several Cities and Towns supplied by the Metropolitan Water 
Works, 



CiTT OR Town. 



Bervlees. 



Meters. 



Fire 
HydranU. 



BoetODi .... 
Somerville, . 

Maiden 

Chelsea, .... 
Quiney, .... 
Ererett, .... 

Medford 

Melrose, .... 

Revere 

WatertowD, 

Wlnthrop 

Belmont, .... 

Nahant 

Arlington, . . . 
Swampsoott, 

Stoneham 

Milton, .... 

Lexington, .... 

Total, .... 



90,571 


4,748 
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1,276 
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12 
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15,246 
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404 
296 
661 
604 
489 
284 
127 
322 
117 
153 
66 
357 
125 
103 
283 
94 



13,289 
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Appendix No. 4. 



Water Works Statistics for the Year 1904, 

The Metropolitan Water Works supply the Metropolitan Water District, 
which includes the following cities and towns : — 



City or Town. 



PopolatioD, 

Census of 

1900. 



Bstimated 
Population, 
May 1, 1904. 



Boston, 

Bomerville, 

Chelsea 

Ualden, 

Newton,* 

Everett 

Qttlncy 

l^edford 

SydePark,* 

Melrose 

^vere 

•^atertown 

'^J'llngton, 

Hilton 

^t.oneham, 

^^^inthrop, 

'«lmont 

»exiDgton 

^^ahant, 

Total population of Metropolitan Water District, 

^wampscott,t 

^augus,J 



872,992 

4,548 

158 



500,892 


610,300 


61,643 


70,000 


84,072 


37,800 


33,664 


40,700 


33,687 


39,000 


24,336 


29,200 


23,890 


27,700 


18,244 


22,000 


13,244 


14,500 


12,962 


14,400 


10,395 


13,400 


9,706 


11,200 


8,603 


10,100 


6,578 


7,700 


6,197 


6,400 


6,058 


7,700 


3,929 


. 5,000 


3,831 


4,100 


1,152 


1,400 



972,600 

5,200 

200 



* No water supplied to these places during the year from Metropolitan Water Works. 
t Not in the Metropolitan Water District, but has been supplied with water from the Metropolitan 
Water Works. 
X Only a small portion of Saugus is supplied with water. 



252 



METROPOLITAN WATER 



[Pub. Doc. 



Sources of Supply. 



SOUBCB. 


Area of 

Watershed 

(Square Milea). 


Remarks. 


Lake Coohitnate 

Sadbury River, 

Naabaa River (South Branch), . 


18.87 

76.20 

118.81 


Works built by city of Bostoa in 1848. 
Works built by city of Boston in 1872-78. 
Works begun in 1896; not finished. 



Mode of Supply. 

26 per cent, from gravity. 
74 per cent, from pumping. 

Pumping, 
Chestnut Hill High-service Station : — 

Builders of pumping machinery, Holly Manufacturing Company, Quintard Iron 
Works and E. P. Allis Company. 

Description of coal used : — Bituminous : Quemahoning, Georges Creek Cumber- 
land, Pocahontas and Cumberland steam ; anthracite : buckwheat and screen- 
ings. Price per gross ton in bins : bituminous %iAb to 1^.36, buckwheat t3.28, 
screenings |2.24 and t3.44. Average price per gross ton 13.87. Percent, ashes, 
12.4. 

Chestnut Hill Low-service StcUion : — 

Builders of pumping machinery. Holly Manufacturing Company. 

Description of coal used : — Bituminous : Quemahoning, Georges Creek Cumber- 
land, Pocahontas and Cumberland steam ; anthracite : buckwheat and screen- 
ings. Price per gross ton in bins : bituminous t3.98 to f 5.36, buckwheat 13.08, 
screenings f 2.24 to $3.67. Average price per gross ton $3.97. Per cent, ashes, 
12.0. 

Spot Pond StcUion : — 

Builders of pumping machinery, Geo. F. Blake J^anufacturing Company and 

Holly Manufacturing Company. 
Description of coal used : — Bituminous : Georges Creek Cumberland ; anthracite : 

buckwheat and screenings. Price per gross ton in bins: bituminous $4.40, 

buckwheat $3.75, screenings $2.24. Average price per gross ton $3.65. Per 

cent, ashes, 13 9. 



Ohebtnttt Hill HieH-ssBYioi 
Station. 



Engines 

Nos. 
1 and 2. 



Engine 
No. 8. 



Engine 
No. 4. 



Dally pumping capacity (gallons) 

€k)al consumed for year (pounds), 

Cost of pumping, figured on pumping station expenses. 
Total pumpage for year, corrected for slip (million gaUons), 

Average dynamic head (feet;, 

Oallons pumped per pound of coal, 

Duty on basis of plunger displacement, 

Cost per million gallons raised to reservoir, .... 
Cost per million gaUons raised one foot, 



16,000,000 

1,012,902 

$4,181.84 

676.20 


20,000,000 

279,676 

$1,820.62 

292.86 


120.00 


127.90 


668.12 

66,400,000 

$7,170 

0.069 


1,047.14 

120,640,000 

$4,629 

0.086 



80,000,000 

8,066,787 

$29,667.41 

10,622.76 

129.80 

1,215.66 

134,960,000 

$8,810 

0.022 
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Ohbbtnut Hill 

low-sbbviob 

Station. 



BngioM No8. 6, 
6 and 7. 



Daily pnmpiog capacity (gallons) 

Coal conanmed for year (pounds), 

Cost of pumping, figured on pumping station expenses, . 
Total pumpage for ^ear, corrected for slip (million gallons) , . 

Average dynamic bead (feet), 

Gallons pumped per pound of coal, 

Duty on basis of plunger displacement, 

Cost per million gallons raised to reservoir, .... 
Cost per million gallons raised one foot 



105,000,000 

8,682,868 

$88,864.15 

20,268.94 

54.01 

2,830.75 

110,290,000 

$1,671 

0.030 



Spot Pond 
Station. 



Bnglne No. 9. 



30,000,000 

2,462,802 

$11,868.79 

2,927.47 

129.88 

1,188.67 

132,070,000 

$4,054 

0.081 



Consumption, 

Estimated total population of the nineteen cities and towns sup- 
plied wholly or partially daring the year 1904, .... 

Total consumption, gallons, 

Average daily consumption, gallons, 

Gallons per day to each inhabitant, 

Distribution. 



927,800 

42,067,180,000 

114,909.000 

123.9 



Kinds of pipe used, .... 

Sizes, 

Extensions less lengtb abandoned, miles, 
Length In use, miles, .... 

Stop gates added 

Stop gates now in use, .... 
Service pipes added, .... 
Service pipes now In use, . 

Keters added, 

Keters now in use, .... 

Plre hydrants added 

Fire hydrants now in use, . 



Owned and 

operated 

by Metropolitan 

Water and 
Sewerage Board. 



Total in District 

supplied 

by Metropolitan 

Water Works. 



-* 

60 to 6 inch. 

.02 

84.21 

3 

356 



-t 
60 to 4 Inch. 
13.71 
1,507.81 



1,343 

145,861 

882 

15,246 

178 

13,289 



* Cast-iron and cement-lined wrought iron. f Cast-iron, cement-lined wrought iron and kalamine. 
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COHTBACTS HADE AND PEKDIN'G DDRING 

OotUracta retating to the 



~ 


Hnin. 
ber 

arOon. 


w„»,.. 


3. 
NBm- 


Amooht or Bid. 






NoittoLow. 


lA>ireal. 


Caniraeuir. 


* 


» 


eesLtod 03, BeLmoat El- 
len lion, CambrldH, i2 
la by M In.. M In. by 

»ndm"n™ '"''''" °"' 

Pllfl drUlna, In sdvaime of 
eisaviitlon. un gfcllona 
aimndSl, Revere Eilen- 
■loD, Obelua. 

I'liL Df BeollDn K, Iteiere 
E.Mn.lQn, Chel.ea, 48 

PartofaMlloBfll. Bevere 
Bitenglon, Cheliu, DOS 

tewof iTlunnel. "' 




•W.H1 50 


M6.MSM 


Go- & Palmer, Boitoo, 
Uui. 

CbM. A. Ib>hlD, [loi- 
ton.Maii. 

"".■.ii.^""-'"'^ 

























ConCra«ts rOating to the 




11 


fe.«o. 77. au>.-uv.J 8 

fiewer. Roibnry, pump-i 
lag plant rorWsrd Street, 


tMI,000 00 


ta)4.ooooo 


AlMa-CbalmetB Co.. UU. 
wankae, Wl>. 




M 


^'aSd*k^K"r."riXo^ ' 




"■"" 


"a.-,.Si.™""- 




« 


SBWer, Ro.bary. Ward 


MS.T19 » 


SM.MWO0 


L. r. Boula & Sod, Boi. 




35 


ParU of SecUoD M, High- 1 4 
level Sonar, QnlODj. 


IBS.MB 00 


1!6,6M ao 


W, H. Ellla, Boelon. 




M 


Sewer, IJalney. 1 


t«,B18 0a 


11,044 00 


W. H. Ellis, Bo.ton, 
Uaii. 


10 




SeeLlon », Hlgh-lerel 4 
Hewer. R«bary, laying 1 
48-Inch foma-inHlni and ■ 


M.1MWI 


Mi,iaooo 


a. p. Niiwo, Bo«Ion. 
HaM. 
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THE Year 1904 — Sewerage Works. 
North Metropolitan System. 



7. 

Date 
of Contract. 



8. 

Date of 

Completion of 

Work. 



9. 

Prices of Principal Items of 
Contracts made in 1904. 



10. 

Valae of 

Work done 

Dec. 31, 1904. 



Sept. 14, *03, 



Oct. 9, 'OS, 



Oct. 23,*03, 



May 8, '04, 



Apr. 28, »04, 



Jane 24, *04, 



Apr. 14, »04, 



Aug. 18, *04, 



For completed sewer in tunnel, except piling to be 
famished and placed by the Board, $21 per linear 
foot. 



$47,273 69 



13,802 80 



27,902 68 



12,768 00 



$101,747 17 



South Metropolitan System. 



Jan. 17, '02, 



May 28, *02, 



Oct. 8, »02, 



Jane 11, '03, 



Jane 11, '03, 



Jane 9, '03, 



Sept. 29,' 04, 



May 31, '04, 



May 26, '04, 



May 14, '04, 



Jan. 23, *04, 



$153,000 00 

94,592 96 

227,140 93 

114.850 23 
29,453 38 
29,366 06 



6 



8 

9 

10 
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Contracts uade and pendinq durino 
Contract* relating to the 





Num. 

ber 


WOBK. 


s. 

11? 


Ahodnt or Bm. 


^ 




NaittoLow. 


s. 


Conlraclor. 




« 


Pan or Seciluo 43, Blgb- 
levelBowor,Qulneyand 
Hull, Huilarlj line at tO- 
incli saat-lroD pipe, bar- 
bor omtalli. 

Two venicnl flre-tohe boll- 

s:.;:i.5'S-..5r.", 

Qalncy pumping lUtloD, 

pIpBaudiperrlalcaatlDga. 
Baitarly llD>iorBecllon43, 
aod Hull. 2fi6!> laL 60- 
l^MiaT^lhTg.!'''" "" 

honee, and the Ward' 

o""a Siyh-^lTll a?w«. 
QulDoyandRDitiury. 

Additional fllltog od am- 
ine Kook 111 and Boad 
over Secilop 48, Higb- 




•CtSODO 
M.9T1 M 
7.867 60 
M,B17 so 

31.100 DO 
0,670 00 


•S,31& 00 
M,0*OM 
7,M8M 
M,BSg 70 

M,OHOO 
7,600 00 


Ed ward Kendall &eona, 
Cambridge. Maa.. 

Camden Iron Worka. 

Camden Iron Wurka, 
CaoideD, N. J. 

laelurlng Company. 
Roslon. 

jDMpb J. Moeba. Bol- 
ton, tf aae. 
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THE Yeab 1904 — Sewerage Works — Continued, 
South Metropolitan System — Concluded. 



7. 

Date 
of Contraot. 



8. 

Date of 

Oompletlon of 

Work. 



9. 

Prices of Principal Itema of 
Contracts made in 1004. 



10. 

Valae of 

Work done 

Dec. 81, 1904. 



Jane 30, *03, 



Aug. 14, »08, 



Sept. 11, '08, 



Dec. 21, *03, 



Dec. 21, »03, 



Nov. 2, »04, 



May 19, »04, 



May 23, '04, 



Nov. 1, »04, 



Oct. 20, »04, 



May 81, *04, 



Aug. 27, '04, 



Nov. 3, '04, 



Oct. 21, '04, 



Nut Island screening machinery, $12,802; Ward 
Street screening machinery, $11,192. 



Earth excavation and filling on embankments, $0.54 
per cu. yd., loam and peat excavation and placing 
on slopes of embankments, $0.65 per cu. yd., 
placing rock ballast, $1 per cu. yd. in place. 



$99,511 04 



6,316 00 



20,940 00 



7,201 67 



56,001 28 



24,054 00 



7,118 55 



$878,720 10 



2 



8 



6 
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Contracts made and pending during the Year 1904 — Sewerage 

Works — Concluded, 

Suminary of Contracts.* 



Value of Work 

done December 

31, 1904. 



North Metropolitan Syetem, 4 contracts 

South Metropolitan System, 13 contractB, 

Total of 17 contract! made and pending during the year 1904, 



$101,747 17 
878,720 10 



$980,467 27 



* In thia summary the cost of day work, and contracts charged to maintenance are excluded. 
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LEGISLATION OK THE YEAR 1904 AFFECTING THE 
METROPOLITAN WATER AND SEWERAGE BOARD. 



ACTS OP 1904. 

[Chapter 30.] 

An Act making an appropriation for printing and binding 
the annual report op the metropolitan water and sew- 
erage board. 

£e a emzcledt etc.^ as follows : 
Section 1. The sum of twenty-five hundred dollars is hereby Report of the 

metropolitan 

appropriated, to be paid out of the treasury of the Common- water and 
wealth from the ordinary revenue, for printing and binding the board, 
annual report of the metropolitan water and sewerage board, 
the cost of the same to be assessed and collected by the treas- 
urer and receiver general equally upon and from the metropolitan 
water and metropolitan sewerage districts. 

Section 2. This act shall take effect upon its passage. 
[Approved January 30^ 1904. 



[Chapter 60.] 

An Act making an appropriation for operating the south 
metropolitan system of sewage disposal. 

^« it enactedy elc.^ as follows : 
Section 1. A sum not exceeding one hundred and thirty- South metro- 

i» '^ *' politan system 

"ve thousand dollars is hereby appropriated, to be paid out of of sewage 
^oe South Metropolitan System Maintenance Fund, for the cost 
^f maintenance and operation of the south metropolitan system 
^^ Sewage disposal, comprising a part of Boston, the cities of 
Newton, Quincy and Waltham, and the towns of Brookline, 
'^atertown, Dedham, Hyde Park and Milton, during the year 
^^ding on the thirty-first day of December, nineteen hundred 
*Jid four. 

Section 2. This act shall take effect upon its passage. 
^Approved Ftbruary 6*, 1904. 
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North metro- 
politan syBtem 
of sewage 
disposal. 



[Chapter 62.] 

An Act making an appropriation for operating the north 
metropolitan system of sewage disposal. 

Be it enacted^ etc., as follows : 

Section 1. A sum not exceeding one hundred and twenty- 
three thousand dollars is hereby appropnated, to be paid out of 
the North Metropolitan System Maintenance Fund, to provide 
for the cost of maintaining and operating the system of sewage 
disposal for the cities of Boston, Cambridge, Somerville, Mai- 
den, Chelsea, Woburn, Medford, Melrose and Everett, and the 
towns of Stoneham, Winchester, Arlington and Belmont, known 
as the North Metropolitan System, during the year ending on 
the thirty-first day of December, nineteen hundred and four. 

Section 2. This act shall take effect upon its passage. 
{_ Approved February 5, 1904. 



1899, 342, § 1, 
etc., amended. 



Time within 
which certain 

Setitlons for 
amages, etc., 
may be filed 
extended. 



[Chapter 186.] 

An Act to extend the time for filing petitions for damages 
and offers of surrender of real estate under the act to 
provide for a metropolitan water supply. 

Be U enacted, etc., as follows : 

Section 1. Section one of chapter three hundred and forty- 
two of the acts of the year eighteen hundred and ninety-nine, 
as amended by section one of chapter one hundred and eight of 
the acts of the year nineteen hundred, and by section one of 
chapter four hundred and ninety-eight of the acts of the year 
nineteen hundred and one, is hereby further amended by strik- 
ing out the word " four", in the seventeenth line, and inserting 
in place thereof the word : — five, — so as to read as follows : — 
Section 1. Petitions under the provisions of section fourteen 
of chapter four hundred and eighty-eight of the acts of the year 
eighteen hundred and ninety-five, or of section one of chapter 
four hundred and forty-five of the acts of the year eighteen 
hundred and ninety-seven, and acts in amendment thereof or 
in addition thereto, for the determination of damages for the 
taking of real estate may be filed, as provided by law, within 
two years after the actual taking by right of eminent domain of 
such real estate or of any interest therein, and petitions for the 
determination of damages for the taking of water rights where 
no land is taken in connection with such water rights, and for 
the determination of all other damage provided for in said acts. 
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and offers of snrreDder of real estate provided for in said 
acts, may be filed on or before the first day of July in the year 
nineteen hundred and five. 

Section 2. This act shall take effect upon its passage. 
[^Approved March 29 y 1904, 



[Chapter 230.] 

An Act to authorize the metropolitan water and sewerage 

BOARD TO determine THE LINES AND GRADES OF THE HIGH 
LEVEL METROPOLITAN SEWER ABOVE THE POINT WHERE THE 
SEWAGE OP THE CHARLES RIVER VALLEY IS TO BE RECEIVED. 

Be it enacted, etc, as follows : 

Section 1. The metropolitan water and sewerage board is Location, etc., 

^ ° of high level 

hereby authorized to determine the location, elevation and size metropolitan 

sewer' 

of the high level metropolitan sewer above the point where the 
sewage from the Charles River valley is to be received. 

Section 2. To meet the expenses of determining the said Treasurer 

*^ ° and receiver 

location, as provided in section one, the treasurer and receiver general to issue 

*^ scrip or certifl- 

general is authorized to issue scrip or certificates of debt in the cates of debt, 

name and on behalf of the Commonwealth, and under its seal, 

to an amount not exceeding seven thousand dollars in addition 

to the amounts authorized to be issued under the provisions of 

chapter four hundred and twenty- our of the acts of the year 

eighteen hundred and ninety-nine, and of chapter three hundred 

and fifty-six of the acts of the year nineteen hundred and three ; 

and all the provisions of said acts shall apply to this additional 

loan. 

Section 3. This act shall take effect upon its passage. 
[^Approved April 12 ^ 1904. 



[Chapter 246.] 

An Act to provide for expenses incurred in the construc- 
tion OF THE HIGH LEVEL GRAVITY SEWER FOR THE RELIEF OF 

the celarles and neponset river valleys. 

Be it enacted, etc, as follows : 

Section 1. The treasurer and receiver general of the Com- Treasurer 

And i^popivAT* 

monwealth, in order to meet additional expenses incurred under generaito issue 
the provisions of chapter four hundred and twenty- four of the cates of detS, 
acts of the year eighteen hundred and ninety-nine, and chapter ^^' 
three hundred and 'fifty-six of the acts of the year nineteen 
handred and three, shall, with the approval of the governor 
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and coancil, issae from time to time scrip or certificates of debt 
in the name and behalf of the Commonwealth and under its 
seal, to an amount not exceeding three hundred and eighty-five 
thousand dollars, in addition to the amounts authorized to be 
issued under the provisions of said chapters; and the provi- 
sions of said chapters and of acts in amendment thereof and in 
addition thereto shall apply to this additional loan. 

Section 2. This act shall take effect upon its passage. 
I Approved April 22 j 1904, 



[Chapter 273.] 

An Act to authorize the laying of water pipes or mains 

under or over tide water. 

Be it enacted^ elCy as follows : 
Certain water SECTION 1. The metropolitan water and sewerage board, and 

pipes or mains *^ o ' 

ma V be carried the water board, water commissioners or superintendent of any 

anuer or over ' tr ^ 

tide waters, ete. city or towu in the metropolitan water district, in exercising 
the powers or discharging the duties conferred or imposed by 
chapter four hundred and eighty-eight of the acts of the year 
eighteen hundred and ninety-five and acts in amendment thereof 
and in addition thereto, may carry and conduct any aqueduct, 
conduit, pipe, drain or wire under or over tide waters or the 
waters of Boston harbor by such methods and in such manner 
as the board of harbor and land commissioners shall approve. 

Section 2. This act shall take effect upon its passage. 
[Approved April 29^ 1904. 



[Chapter 299.] 

An Act to confirm a certain agreement between the met- 
ropolitan WATER AND SEWERAGE BOARD AND THE CITT OF 
MARLBOROUGH, RELATIVE TO BUILDING AN ADDITIONAL MAIN 
SEWER AND FILTER BEDS FOR SAID CITY. 

Be it enacted^ etc., as follows: 
Certain apree- SECTION 1. The agreement signed by the mayor of the city 
city of Marl of Marlborough, for that city, and by the metropolitan water 

borough and ^ r^ 

metropolitan and seweragc board, for the Commonwealth, dated October 

water and sew- 

erage board five, nineteen hundred and three, and recorded with Middlesex 
south. district registry of deeds, book 3091, page 101, providing 
for the construction and maintenance of an additional main 
sewer and filter beds for the disposal of a part of the sewage of 
said city, as a substitute for the additional main sewer provided 
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for by chapter four hundred and forty-three of the acts of the 
year nineteen hundred and three, is hereby ratified and con- 
firmed ; and all action taken, all construction work done and all 
payments made under said agreement in the construction of said 
additional main sewer and filter beds, are hereby ratified, ap- 
proved and made valid, as fully as if such additional main sewer 
had been constructed in accordance with the provisions of said 
chapter. 

Section 2. This act shall take effect upon its passage. 
[^Approved May 6, 1904. 



[Chapter 311.] 

An Act rhlative to the employment of mechanics and 
laborers in the construction of public works. 

Be it enacted, etc., as follows: 

Chapter one hundred and six of the Revised Laws is hereby r. l. loe, § u, 
amended by striking out section fourteen and inserting in place 
thereof the following : — Section 14, In the employment of Preference to 

be iriven to 

mechanics and laborers in the construction of public works by citizens in the 
the Commonwealth, or by a county, city or town, or by persons mecbanic» and 
contracting therewith, preference shall be given to citizens of 
the Commonwealth, and, if they cannot be had in sufficient 
numbers, then to citizens of the United States ; and every con- 
tract for such works shall contain a provision to this effect. 
Any contractor who knowingly and wilfully violates the pro- Penalty. 
visions of this section shall be punished by a fine of not more 
than one hundred dollars for each offence. \_ Approved May 9^ 
1904. 



[Chapter 314.] 

An Act to regulate removals and suspensions from office 
and employment in the classified civil service. 

Be it enacted, etc., as follows : 

Section 1. Every person holding office or employment in the Persons hold- 
public service of the Commonwealth or in any county, city or p}S)ii?8ervice^ 
town thereof, classified under the civil service rules of the Com- Sioyedl'eteM 
monwealth, shall hold such office or employment and shall not 
be removed therefrom, lowered in rank or compensation, or sus- 
pended, or, without his consent, transferred from such office or 
employment to any other except for just cause and for reasons 
specifically given in writing. 



without cause. 
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Notice to be 
given^ etc. 



Section 2. The person sought to be removed, suspended, 
lowered or transferred shall be notified of the proposed action 
and shall be furnished with a copy of the reasons required to 
be given by section one, and shall, if he so requests in writing, 
be given a public hearing, and be allowed to answer the charges 
preferred against him either personally or by counsel. A copy 
of such reasons, notice and answer and of the order of removal, 
suspension or transfer shall be made a matter of public record. 
[^Approved May 9, 1904. 



Payment of 
damages for 
the taking of 
property by 
right of emi- 
nent domain, 
etc. 



Proviso. 



[Chapter 317.] 

An Act relative to damages for the taking of property 

by right of eminent domain. 

Be it enacted, etc, as follows : 

Section 1. In all cases of property, real or personal, taken 
by right of eminent domain, or subjected to restrictions, limita- 
tions or regulations by the Commonwealth, or by any county, 
city or town therein, the Commonwealth or such county, city or 
town may, at any time after such taking, or after the imposi- 
tion of such restrictions, limitations or regulations, estimate and 
award to any person, city, town or corporation injured by such 
taking or by such imposition, the damages recoverable therefor, 
and may offer in writing to pay to such person, city, town or 
corporation the amount of such award, with interest thereon, as 
provided by law, from the date of such taking or such imposi- 
tion, together with taxable costs if a petition or other proceed- 
ing for assessment of such damages is pending. The person, 
city, town or corporation to whom or to which such offer is 
made, may reject or accept the same, and acceptance thereof 
may be either in full satisfaction of all damages so sustained, 
or as a payment pro tanto without prejudice to any right to have 
said damages assessed by a jury or other competent tribunal. 
After notice of such offer, made as aforesaid, or payment of the 
amount thereof, if payment be made, no interest shall be re- 
coverable, except upon such amount in damages as shall, upon 
final adjudication, be in excess of the amount of said offer: 
provided, that all taxable costs accruing subsequently to said 
offer shall be recoverable by the petitioner in all cases. 

Section 2. This act shall take effect upon its passage. 
{_Approved May 9, 1904, 
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[Chapter 349.] 

An Act to provide for the protection of persons furnish- 
ing MATERIALS OR LABOR FOR PUBLIC WORKS. 

Be it enacted^ etc^ as follows : 

Section 1. Officers or agents who contract in behalf of any Protection of 

persons f ur- 

county, city or town for the construction or repair of public nishingmate- 

1.1,. 1 11. 1 1 11 1 • /v» • . rials or labor 

buildings or other public works shall obtain sufficient security, for public 

works 

by bond or otherwise, for payment by the contractor and sub- 
contractors for labor performed or furnished and for materials 
used in such construction or repair ; but in order to obtain the 
benefit of such security the claimant shall file with such officers 
or agents a sworn statement of his claim within sixty days after 
the completion of the work. 

Section 2. This act shall take effect upon its passage. 
[^ Approved May 19^ 1904. 



[Chapter 388.] 

An Act relative to printing and binding certain public 

documents. 
Be it enacted, etc^ as follows : 

Section 2. Boards, commissions and heads of departments statistics not to 
having charge of preparing and printing documents relating to pu?iic°docu-^ 

. 1 . . J . A 1 n J. • 1. 4.1- • . ments without 

their various departments shall not incorporate therein any sta- approval of 
tistics unless the same shall be approved by the state board of iication. ^" 
publication. 

Section 3. This act shall take effect upon its passage. 
[^Approved May 31^ 1904. 



[Chapter 406.] 

An Act to provide for the improvement of spot pond brook 

BY THE METROPOLITAN WATER AND SEWERAGE BOARD. 

Be it enacted, etc., as follows : 
Section 1. The metropolitan water and sewerage board The metropoii- 

tan water and 

shall improve or change the channel of Spot Pond brook between sewerage board 
Spot pond in the town of Stoneham and tide water in the city Spot Pond 

brook etc« 

of Maiden substantially in accordance with the plans and rec- 
ommendations of the board contained in its report to the general 
court of nineteen hundred and three, being house document 
number one thousand and eighty-seven of that year. 
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M,8emente*e?c' SECTION 2. The board, for the purpose aforesaid, may from 
time to time take, in fee or otherwise, by purchase or otherwise, 
for the Commonwealth or for the city of Maiden or for the city 
of Melrose, as the board shall determine, lands, easements, 
rights and other property, and, in order to take any property by 
right of eminent domain, shall sign and cause to be recorded in 
the registry of deeds for the county and district in which the 
property to be taken is situated a description thereof as certain 
as is required in a common conveyance of land ; the recording 
shall constitute the taking. 
Damages. SECTION 3. Any person whose property is injured by the 

taking, or by changiog the channel of said brook, altering its 
course, or diverting the waters thereof or increasing or dimin- 
ishing the daily flow of said waters, may have compensation 
therefor as determined by agreement with the board, and if the 
parties cannot agree upon the damages, they may be determined 
by a jury of the superior court for the county in which the 
property is situated under the provisions, so far as they may be 
applicable, of chapter forty-eight of the Revised Laws, upon 
petition therefor by the board or person filed in the clerk's ofiSce 
of the court within one year after the taking, changing or alter- 
ing, and the petitioner shall have judgment for the amount de- 
termined, with interest on the excess of the amount over the 
award of the board and costs if the amount is greater than the 
award of the board ; otherwise the petitioner shall recover no 
interest and shall pay costs. 
Commissioners SECTION 4. Any justicc of the Supreme judicial court sitting 
*o?ver8and ^^ equity for the county of Suffolk, on application of the metro- 
duties, politan water and sewerage board or of the city of Maiden or of 
the city of Melrose, within three months after the passage of 
this act, shall, after such notice as the court shall order, appoint 
three commissioners, and may appoint a new commissioner on 
the occurring of any vacancy. The commissioners, after such 
notice as they shall deem proper, shall hear the parties and 
make award of the proportion in which the expenses of carrying 
out this act shall be paid by the metropolitan water district, the 
city of Maiden, and the city of Melrose, The commissioners 
shall take into consideration in making their award the respon- 
sibility of said parties in connection with the present condition 
of said brook and the waters thereof, their rights in, to and over 
said brook and the waters thereof, their rights in, to and over 
said Spot pond, its waters and watershed so far as they relate 
to said brook, and the benefits which will accrue to said parties 
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from the proposed improvements ; and shall make their award 
on these bases and return it into coart with a statement of the 
questions of law raised by either party and the findings of the 
commissioners thereon. 

Section 5. Any justice of the said court sitting in equity f^a^^etc"^ 
for the county of Suffolk may accept the findings and award, 
and either party may except thereto; or the justice may report 
the case with such of said questions of law as either party may 
request to the supreme judicial court of the Commonwealth. 
Said court may determine the questions submitted and accept 
the award, or may amend and accept the award, or may remand 
the award to the commissioners for further hearing, report and 
acceptance, in accordance with said determination : provided, Proviso. 
however, that if the city of Maiden by vote of its city council, 
or the city of Melrose by vote of its city council, or the metro- 
politan water and sewerage board, shall, within four months 
after the acceptance of the award, file with the court objection 
to carrying on the work, it shall not be begun until the objec- 
tion be withdrawn, but if no such objection be filed, or be filed 
and withdrawn within one year thereafter, the clerk of the court 
shall notify the parties thereof, and the work shall thereupon 
proceed as hereinbefore provided. The metropolitan water and ^^^peMaSon 
sewerage board shall pay the compensation and expense of the *°mmiin°n^ ^^ 
commission as approved by the court, and during and after the etc. 
completion of the work shall keep the channels, conduits and 
culverts in repair and pay the expense thereof, and the com- 
pensation and expenses so paid shall be assessed and repaid as 
the expense of construction is to be repaid. 

Section 6. The other expenses incurred in carrying out the Metropoutan 

W^at6r XiOan 

provisions of this act shall be paid by the Commonwealth, and 
the treasurer and receiver general shall, from time to time, on 
request of the board, issue and sell notes, bonds or scrip of the 
Commonwealth to an amount not exceeding two hundred and 
twenty-five thousand dollars, designated on the face thereof, 
Metropolitan Water Loan, and use the proceeds to meet said 
expenses and to meet the interest and sinking fund requirements 
of the loan until the award has been accepted, and the provisions Certain pro- 
of chapter four hundred and eighty-eight of the acts of the year to apply. 
eighteen hundred and ninety-five and acts in amendment thereof 
and in addition thereto shall, so far as they may be applicable, 
apply to said loan. 

Section 7. The cities of Maiden and Melrose shall respec- Payment of 
tively pay to the treasurer of the Commonwealth each year the 
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AsseBsment 
and collection 



interest and sinking fand requirements of sach part of the loan 
aforesaid as shall be equal to the amount of said expenses which 
the cities respectively are required by the award to pay, and the 
interest and sinking fund requirements of the remainder of the 
loan shall be paid by all the cities and towns in the metropolitan 
water district, as other expenses of the water works are paid. 
Section 8. The commissioners shall, within six months after 
of betterments, ^jjg completion of the work of construction, if in their opinion 
any land receives a benefit from the improvement authorized by 
this act beyond the general benefit to all land in said cities, 
determine the value thereof, and assess upon the land a propor- 
tional share of the cost of such improvement, not exceeding the 
value of the benefit ; and any party so assessed may have the 
amount of the assessment determined by a jury of the superior 
court of the county in which the land is situated, under the pro- 
visions, so far as they may be applicable, of chapter fifty of the 
Revised Laws, but without interest or costs, if the assessment 
is not less than the amount determined by the jury, and the 
assessment shall constitute a lien upon the land assessed until 
paid. Every such assessment shall be certified by the clerk of 
said court to the collector of the city in which the land lies, and 
collected by him in the manner provided for the collection of 
taxes, and the proceeds thereof shall be paid to the treasurer 
of the Commonwealth and used to meet the interest and sinking 
fund requirements of the loan authorized by this act. 

Section 9. Except as otherwise provided herein this act 
shall take effect upon its passage. [^Approved June 5, 1904, 



When to take 
effect. 



R. L. 9, f 7, 
amended. 



Report of 
metropolitan 
water and 
sewerage 
board. 



[Chapter 410.] 

An Act relative to the printing and distribution of certain 

PUBLIC documents. 

Be it enacted, etc., as follows : 

Section seven of chapter nine of the Revised Laws is hereby 
amended as follows : — ... By striking out the words " forty- 
five hundred ", in the one hundred and eighteenth line, and in- 
serting in place thereof the words : — six thousand, — so that 
the paragraph beginning with the one hundred and eighteenth 
line will read as follows : — Of the metropolitan water and sew- 
erage board, six thousand copies. \^App7*oved June 5, 1904, 
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[Chapter 426.] 

An Act relative to the apportionment of the annual 
assessments required for the construction and mainte- 
nance of the metropolitan water system. 

Be a enacted J etc, as follows: 
The treasurer and receiver general of the Commonwealth, for Apportion- 

'^ , ment of annual 

the purpose of making the apportionment to the cities and towns assessments 

• forconstruc- 

m the metropolitan water district of the amount required in tion and main- 

,.. .1.-1 . 1 teuanceof the 

each year to pay the interest, sinking fund requirements and metropolitan 
expenses of maintenance and operation of the metropolitan 
water system provided for by section nineteen of chapter four 
hundred and eighty-eight of the acts of the year eighteen hun- 
dred and ninety-five, as amended by chapter four hundred and 
eighty-nine of the acts of the year nineteen hundred and one, 
shall, in the year nineteen hundred and six and in each year 
thereafter, apportion to the city of Boston the proportion of such 
amount which the valuation of that city for the preceding year 
bears to the total of all such valuations of all cities and towns 
in said water district : provided^ however^ that there shall be in- Proviso. 
eluded only one fifth of the total valuation of every such city 
and town which has not reached the safe capacity of its present 
sources of supply in a dry year or of the sources of supply of 
the water company by which it is supplied, as determined by the 
metropolitan water and sewerage board and certified to said 
treasurer, or which has not made application to said board for 
water ; and the remainder to the other cities and towns in said 
district, one third in proportion to their respective valuations 
for the preceding year and the remaining two thirds in propor- 
tion to the consumption by the cities and towns respectively in 
the preceding year of water received from all sources of supply 
as determined by said board and certified to said treasurer, in- 
cluding however only one fifth of the total valuation and not 
including any consumption of water for any such city or town 
which has not reached the safe capacity of its present sources 
of supply or of the sources of supply of the water company by 
which it is supplied as aforesaid, or which has not made appli- 
cation to said board for water ; and provided^ further^ that any Proviso. 
city or town assessed upon its full valuation which obtains a 
part of its water supply from its own works or receives a supply 
from a water company shall be allowed and credited in its ap- 
portionment with a sum equal to twelve dollars for each million 
gallons of water furnished as aforesaid, as determined by said 
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Payment of 
assessments. 



Approval of 
certain official 
bonds. 



Compensation 
for damages 
occasioned 
in town of 
Boylston by 
the construc- 
tion of the 
metropolitan 
water system. 



Proviso. 



board and certified to said treasurer. The treasurer shall in 
each year notify each city and town of the amount of its assess- 
ment, and the same shall be paid by the city or town into the 
treasury of the Commonwealth at the time required for the pay- 
ment and as part of its state tax. {_ Approved June 4^ 1904. 



[Chapter 431.] 

An Act relative to the approval of certain official bonds. 

Be it enacted^ etc, as follows : 

Section 1. The official bonds given by persons designated 
to receipt for advances of money by the metropolitan park com- 
mission and the metropolitan water and sewerage board, which 
have heretofore been approved by the auditor of accounts, shall 
hereafter be approved by the treasurer and receiver general. 

Section 2. This act shall take effect upon its passage. 
[_ Approved June 4, 1904. 



Certain rules 
and regulations 
not to consti- 



[Chaptbr 436.] 

An Act relative to compensation for damages occasioned 
IN the town op boylston by the construction of the 
metropolitan water system. 

Be it enacted, etc., as follows : 

Section 1. The owner of any real estate situated in that 
part of the town of Boylston on the southerly and southeasterly 
side of the metropolitan water basin known as the Wachusett 
reservoir, and within the limits of the Nashua river watershed, 
not taken but directly or indirectly decreased in value by reason 
of chapter four hundred and eighty-eight of the acts of the year 
eighteen hundred and ninety-five and amendments thereof, en- 
titled " An Act to provide for a metropolitan water supply", 
or by the doings of the metropolitan water board or of the 
metropolitan water and sewerage board thereunder, shall have 
the same right to damages for such decrease in value, to be de- 
termined and recovered in the same way, as is provided for 
owners of certain real estate in the town of West Boylston by 
section fourteen of said chapter : provided^ that the petition re- 
quired by said section is filed within two years after the passage 
of this act ; but no owner shall have the right to surrender his 
real estate to the Commonwealth in the manner provided in said 
chapter. 

Section 2. The rules and regulations of the state board of 
health or of the metropolitan water and sewerage board now or 
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hereafter in force for the sanitary protection of water or sources tutean element 

, . of damage. 

of water supply shall not constitute an element of damage within 
the meaning of this act. 

Section 3. This act shall take effect upon its passage. 
[^Approved June 5, 1904, 



[Chapter 457.] 

An Act to authorize the town of retere to supply itself 

WITH WATER. 

Be it enacted, etc., as follows : 

Section 1. The town of Revere may supply itself, its in- Town of Revere 

•^ V, ™*y supply 

habitants and such inhabitants of the town of Saugus as are itself, its in. 

habitants and 

now supplied with water or may hereafter make application to certain inhabit- 
be supplied with water under the provisions of section seven of with water, 
chapter three hundred and eighty-two of the acts of the year 
eighteen hundred and eighty-nine, with water for the extin- 
guishment of fires and for domestic and other purposes, obtain- 
ing the same from the metropolitan water supply district, as May obtain 
provided in chapter four hundred and eighty-eight of the acts metropolitan 
of the year eighteen hundred and ninety-five and acts in amend- ^* ^ ^^^^ ^* 
ment thereof and in addition thereto, may establish fountains Mav establish 

hydrants, etc., 

and hydrants and relocate or discontinue the same, and may regulate the 

use of water, 

regulate the use of* such water and fix and collect rates to be etc. 
paid for the use of the same. 

Section 2. Said town for the purposes aforesaid may hold May hold and 

*^ ^ ** convey water 

and convey the water to be furnished by the metropolitan water furnished by 

•^ "^ . •^ metropolitan 

supply district as hereinbefore provided, and may also take, by water supply 

purchase or otherwise, and hold all lands, rights of way and May take and 

easements necessary for holding, storing, purifying and pre- ^^^^ ^*°^®' ^^' 

serving such water and for conveying the same to any part of 

said town ; may erect on the lands thus taken or held proper 

dams, reservoirs, buildings, fixtures or other structures ; may 

make excavations, procure and operate machinery, and provide 

such other means and appliances as may be necessary for the 

establishment and maintenance of complete and effective water 

works ; may construct and lay conduits, pipes and other works, 

under and over any lands, water courses, railroads, railways or 

public or private ways, and along any such way in such manner 

as not unnecessarily to obstruct the same ; and for the purpose 

of constructing, maintaining and repairing such conduits, pipes 

or other works, and for all proper purposes of this act, said 

town may dig up any such lands, and may enter upon and dig 

up any such ways in such manner as to cause the least hindrance 
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to public travel thereon. The title to all land taken or pur- 
chased under the provisions of this act shall vest in said town, 
and the land so taken may be managed, improved and controlled 
by the board of water commissioners hereinafter provided for, 
in such manner as they shall deem for the best interests of said 
town : provided^ that nothing in this section shall be construed 
as authorizing said town to acquire, enter upon or make use of 
land of the Commonwealth in said town for said purposes, unless 
to be used, etc. ^\^q consent of the oflScers of the Commonwealth having control 
of such land has first been obtained. 



Proviso. 



Land of Com- 
monwealth not 



Payment of 
loan, etc. 



Payment to 
metropolitan 
\^ater ooard 
included. 



Powers and 
duties. 



Payment to 
metropolitan 
water board to 
be included 
in expense 
account. 



Section 6. The town shall provide at the time of contract- 
ing the loan for such annual proportionate payments thereof as 
will extinguish the same at maturity, and after the town has 
passed a vote to that effect the sums required for this purpose 
and for payment of interest on the loan shall be assessed and 
collected annually in the same manner in which other taxes are 
assessed and collected. The town shall also raise annually by 
taxation a sum which with the income derived from water rates 
will be sufficient to pay the current annual expenses of operat;- 
ing its water works, including therein any annual payment to 
said metropolitan water board. 

Section 10. Said commissioners shall fix such prices or rents 
for the use of water as shall produce annually as near as may 
be a net surplus over operating expenses, including therein any 
annual payment to said metropolitan water board, and interest 
charges equal to two per cent of the total amount of the bonds, 
notes or scrip issued under this act, after paying all current 
expenses of operating the water works, and interest upon loans, 
and after payment of all expenses of new construction not ex- 
ceeding three thousand dollars in any one year after the original 
construction. The net surplus aforesaid shall be paid into the 
treasury of the town. Said commissioners shall annually ren- 
der an account of all their doings, and shall be governed by the 
provisions of section fifteen of chapter twenty-seven of the 
Revised Laws and acts in amendment thereof and in addition 
thereto, except as otherwise provided herein. 



When to take 
eflFect, etc. 



Section 12. This act shall be submitted to the voters of said 
town at any annual town meeting or at a special meeting duly 
called for the purpose, at which the check list shall be used, 
and it shall take effect upon its acceptance by two thirds of the 
voters present and voting thereon at any such meeting. If the 
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act is accepted at an annual town meeting, the water commis- 
Bioners herein provided for may be elected at the same meeting. 
[^Approved June 9, 1904. 



RESOLVES. 

[Chapter 28.] 
Resolve to provide for the. payment of a sum of money 

FROM THE metropolitan SEWERAGE LOAN TO HANNAH M. 
MCCARTHY. 

Resolved^ That there be allowed and paid out of the Metro- Hannah m. 
politan Sewerage Loan authorized by section fourteen of chapter 
four hundred and twenty-four of the acts of the year eighteen 
hundred and ninety-nine, the sum of seven hundred and fifty 
dollars, to Hannah M. McCarthy, widow of Patrick D. McCarthy 
who was killed on the twenty-sixth day of May in the year 
nineteen hundred and two by an accident in a metropolitan 
sewer in Roxbury, while in the discharge of his duties as an 
employee of the metropolitan water and sewerage board. [_Ap' 
proved March 31, 1904, 



[Chapter 98.] 

Resolve to provide for the appointment of a committee 
TO investigate the local sewerage systems within the 
metropolitan sewerage district. 

Resolved, That the governor, with the advice and consent of iiy^™iga1;|^r. 
the council, is hereby authorized to appoint a committee of ^temr^etcf^ 
three persons, of whom one shall be a member of the metropoli- appointment, 
tan park commission, one a member of the Charles River basin 
commission, and one a member of the board of harbor and land 
commissioners, and of whom one shall be designated by the 
governor as chairman. The said committee shall investigate 
the extent, condition and usefulness of the sewerage systems of 
the cities and towns within the metropolitan sewerage district, 
but not now included in the metropolitan sewerage system, and 
especially shall ascertain whether or not any parts of such local 
sewerage systems should, in their judgment, be purchased and 
maintained by the metropolitan water and sewerage board. The 
members of the committee shall serve without compensation, 
and shall report to the next general court on or before the fif- 
teenth day of January in the year nineteen hundred and five. 
\_Approved June 3, 1904, 
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